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1. 0 oBarECTiv

The primary objective of this test series was to evaluate fire
doors containing hose ports to determine if the ports degrade the
structural fire integrity of the doors. A second objective was
to evaluate the performance cf fire doors built to Coast Guard
construction requirements when submitted to a standard fire door
test.

2.0B&CKGROUND

Fire hoses left in doorways can easily contribute to the fire
damage of a ship by permitting the passage of flame and smoke
through the open doorway. An example of this is the fire damage
resulting to the passenger ship N/V SCANDINAVIAN SEA when a fire
occurred on board and doors were blocked open by fire hoses. As
a result of this damage, the National Transportation Safety
Board(NTSB) recommended that passenger ships be required to have
hose ports in all fire doors. U.S. passenger vessel regulations
currently permit hose ports in doors except water-tight doors and
doors in main vertical zone bulkheads. Before requiring hose
ports in fire doors, it must be determined if they reduce fire
safety by degrading the integrity of a door to prevent the
passage of flame and smoke.

A hose port is a small opening in a door through which a fire
hose can be pulled and/or left in place while fire fighting
efforts are taking place. Normally, the opening is closed by a
metal cover. The hose port even when open or containing a hose
is a greater deterrent to the passage of smoke and flame than a
door which is blocked open by a fire hose (Figure 1). This is
due to the smaller open area available for the passage of
flames, heat, and smoke. In addition, the hose port is
installed in the bottom of a door where heat and smoke are less
severe in most fires. A door which is blocked open by a fire
hose creates a large opening at the top of the door where heat
and smoke would accumulate first thus creating an easy passage
for these elements.

Coast Guard regulations require that when hose ports are
installed they shall be cut in the lowest corner of the door on
the side opposite the hinge so that if the hose is passed through
the doorway when the door is open, the door may be closed over
the hose (Reference 1). The cutout for the hose port should be
approximately six inches (15.24 cm) square. A hinged or pivoted
steel or equivalent metal cover shall be fitted in the cut and
equipped with a bullet catch or similar method of fastening which
will permit easy and automatic operation of the hinged cover. A
hose port may be constructed with a single acting hinge which
permits it to move in only one direction or it may have a double
acting hinge which permits it to move in two directions (Figure
2).

-:. ; : , . .. , - , . . .. . . .. . . . A . . .. , .. .. . . •
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FIGURE 1. FIRE CONDITIONS
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3.0 APPROACH

The approach was to procure several fire doors with hose ports
and evaluate them in a reproducible fire test to determine if
they exhibit the same degree of fire protection as a fire door
without a hose port. Coast Guard regulations require that fire
doors on merchant vessels provide the same fire integrity as the
bulkhead division in which they are installed (Reference 2).
Therefore, a fire door with a hose port should exhibit the same
degree of fire protection as a fire door without a hose port.

ASTM E152 "Standard Method of Fire Tests of Door Assemblies" was
selected as the test procedure for evaluating the fire doors with
hose ports. This test follows the same standard time temperature
curve used in the Coast Guard approval test(ASTM E119 "Fire Tests
of Building Construction and Materials") used for bulkheads
(reference 3). The ASTM E152 test however is intended for
evaluating the structural fire resistance of fire door
assemblies. Additional instrumentation and measurements were
included to evaluate the passage of smoke and flame. For these
tests, the fire doors were installed in a steel bulkhead to
insure a realistic situation as found on board ships.

Unlike bulkheads and decks, Coast Guard regulations do not
require fire doors to meet any fire test requirements (Reference
4). It is felt that due to the limited amount of combustibles
stowed adjacent to the door, an equivalent amount of integrity
could be provided by specifying construction requirements for
doors. For example, fire doors installed in Class A-0 bulkheads
must be of steel or equivalent metal construction. Generally, a
double thickness of 16 USSG or a single thickness of 11 USSG is
acceptable. Test requirements are also not demanded for hardware
such as hinges, frames, or latches but manufactures generally use
steel components to match the integrity of the door.

3.1 Standard Fire Door Tests

A single fire test assessing the ability of a fire door to
provide the same fire integrity as a bulkhead is lacking. The
major acceptance requirements for various fire test standards are
different in their demands. For example the Coast Guard fire
test for bulkhead panels(CFR 164.008) does not address any fire
standards for doors or door hardware although it does include
limitations on openings formed through the bulkhead and
restrictions for smoke and flame passage. The ASTM E152 test can
be used to assess the ability of a fire door(and hose port) to
provide certain structural requirements but it has no

4
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acceptance standards for smoke and flame penetration. The
Underwriters Laboratories test (UL 10B) has structural stability
acceptance requirements but it will also permit flaming on the
unexposed side after the first 30 minutes of the test (Reference
5). The International Maritime Organization (IMO) does not allow
flame penetration or flaming on the unexposed side. It also has
acceptance standards for temperature rise on the unexposed side
of the doors(Reference 6). The IMO test does not have movement
regulations whereas they are specified in ASTM E152 and UL 10B.

3.2 Material Specifications for Fire Doors

The standard material specifications for door assemblies as
required by the above groups also vary. The Coast Guard requires
a door to be of hollow steel or equivalent metal construction.
If installed in a Class A-60,A-30, or A-15 bulkhead then the door
must be filled with approved structural insulation capable of
meeting the requirements for a Class A-15 bulkhead. It must also
have a minimum latch size of 3/4 inch( 1.9 cm) and also have a
1/2 inch (1.3 cm) door stop at the sides and top. IMO requires
the door and frame to be constructed of steel or other equivalent
material and insulated to achieve the desired standard of
insulation. Hinges, latches, bolts and handles must be
constructed of materials having melting points of not less than
950 degrees C (1744 degrees F). ASTM F821 (Reference 7) states a
Class A-0 door should be 1 3/4 inches (4.4 cm) thick. It should
also be of hollow steel construction with a minimum of 16 USSG
plates and have a 3/4 inch(1.9 cm) latch. A Class A-0 door must
have three equally spaced hinges. U.L. does not have a materials
specification for doors.

4.0 FIRE DOOR SPECIFICATIONS

All fire door assemblies were provided by one manufacturer to
eliminate the variable of different designs or different
materials used in construction. Each door assembly consisted of
a hollow-metal door, pressed steel frame, three mortise hinges
and a mortise latch. The door and frame were insulated for a
Class A-15 rating. Three of the doors were fitted with a hose
port at the bottom latch edge corner of the door. One door did
not contain a hose port. Each door assembly was installed in a
steel bulkhead.

4.1 Fire Door Assemblies

The door assemblies and hose ports were constructed to meet Coast
Guard requirements in 46 CFR Subpart H 72.05.25. The dimensions
of the door assemblies are shown in figure 3. The doors were

5
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constructed of 16 USSG steel using a hollow hat channel design.
The frames were constructed of 14 USSG steel. Each door was
connected to its door frame by three steel hinges (4 1/2 by 4 1/2
inches) (11.4 by 11.4 cm) and contained a 3/4-inch (1.9 cm) steel
latch. The door could be opened from either side. Each door was
1 3/4 inches (4.4 cm) thick, 70 inches (177.8 cm) high, and 36
inches (91.4 cm) wide. Each door frame had at least a 1/2-inch
(1.3 cm) door stop at the top and on each side. The top and
sides of the frame had a 1 1/8-inch (2.9 cm) steel edge. The
frame contained a plain sill with a 1 1/8-inch (2.9 cm) under-
edge and a 1/8-inch (0.3 cm) tolerance to the door. The doors
were constructed to fit as snugly as possible to the frame at the
jambs and sill. The doors did not contain a lock, stay-open
hooks, magnetic catches, gaskets, glass, or louvers. All doors
and hose ports were painted with primer and grey paint.

The steel hose ports were 6 inches (15.24 cm) square and equipped
with a bullet catch. Two hose ports were fitted with a single
acting hinge. One hose port was equipped with a double-acting
hinge which allowed it to move both toward and away from the
furnace. A single-acting hinge hose port and a double-acting
hinge hose port are shown in figure 4.

4.2 Installation

U.L. installed the door assemblies in the steel bulkheads by
welding the frame flange all the way around to the bulkhead. The
bulkhead had stiffeners on the unexposed side to prevent warpage.
The interface between the bulkhead assemblies and the test panel
was sealed. Three inches (7.6 cm) of approved mineral wool
structural insulation was applied to the fire side of the steel
bulkhead. Steel pins were welded to the bulkhead and the
insulation was impaled on the pins. This was followed by a wire
mesh held to the pins by circular steel clips. The interface
between the bulkhead assemblies and the test panel was sealed.

5.0 PROCEDURES

Underwriters Laboratories Inc. in Chicago, Illinois conducted the
testing in a 14 x 14 x 2 1/2 foot (4.3 x 4.3 x 0.8 m) furnace
(Figure 5). The fire tests were conducted in accordance with
ASTM E152. Observations were made of the condition of the
unexposed faces of the doors, the performance of the doors and
hose ports, and the passage of flame and smoke through the
assemblies.

7
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The UL furnace held two door assemblies per test (Figure 6). Two
furnace tests were conducted. The four fire door assemblies were
insulated for a Class A-15 rating. Three of the fire doors
contained a hose port. One door was tested without a hose port
as a baseline for comparison. Three or the fire doors (two with
a hose port and one without a hose pirt) were positioned so that
they would swing into the test furnace. The remaining fire door
(with a hose port) was positioned to swing away from the test
furnace. Figure 7 shows the test positioning of the doors. The
fire door assemblies were positioned at a height in the furnace
so that a a neutral test pressure would be maintained at the top
of the hose ports.

5.1 Movement Measurements

Movement of each door assembly was determined by measuring the
initial position of the door to the frame and taking a new
measurement at the same area at different time intervals
throughout the test. The difference of the two measurements
indicated the total movement. The measurement locations are
shown in figure 8.

5.2 Hose Stream Test

A hose stream test was conducted at the conclusion of the 60
minute fire test. The frime was withdrawn from the furnace and
the assemblies were subjected to a 30 psi(207 kPa) hose stream
for 18 seconds.

5.3 Flame Penetratior Test

Flame penetration was indicated by testing for ignition of cotton
wool pads placed over the gaps around the door and the hose port
on the unexposed fac± of each door assembly. This was done in
accordance with reference 2 at various times throughout the 60
minute test.

6.0 INSTRUMENTATION

The instrumentation required in ASTM E152 was used for all tests.
Additional instramentation was also used to assess the overall
fire protectio'. integrity of the door assemblies and to
characterize th3 furnace conditions.

6.1 Furnace Temperature Profile

Temperatures within the furnace were controlled in accordance
with the Standard Time Temperature Curve. Nine additional
temperatures were measured in the furnace. The thermocouple

10
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locations are shown in figure 9. These thermocouples were
located on a vertical plane at the front, middle and back of the
furnace on its center line. Three thermocouples were located on
each plane at the bottom, middle, and top level of the doors.
Quick-response type shielded furnace thermocouples were used to
record furnace temperatures.

6.2 Door Temperatures

Temperatures were measured on both the exposed and unexposed face
of the doors. Thermocouples used in the testing were of the type
specified in the U.S.C. G. Specification for Bulkhead Panels 46
CFR 164.008. Four temperatures were recorded between the door
and door frame and four temperatures were recorded between the
hose port and the door. The positions of the thermocouples used
for these measurements are shown in figure 8.

6.3 Heat Flux

Heat flux measurements were made for each test inside the furnace
at the locations shown in figure 10. Two calorimeters were
installed between the steel bulkheads, one at a level of 7 1, 2
inches (19.1 cm) above the bottom of the doors, and one at a
level of 7 1/2 inches (19.1 cm) below the top of the doors. A
radiometer was installed midway between the two calorimeters.

6.4 Pressure

The fi: i door assemblies were placed in the furnace such that the
top edge of the hose port was located at a height where a neutral
pressure was produced. Measurements of the static pressure were
made with two pressure taps shown in figure 10. The taps were
located between the steel bulkheads, one at the height of the top
of the door and one at the height of top of the hose port.

6.5 Documentation

The thermocouples, heat flux and pressure data were recorded by
computer data acquisition equipment. Each test was recorded with
a video camera/recorder. A 35mm camera was used to take pictures
of the test at five minute intervals.

14



FRONT BACK

Top of Door
15$3 T 4 T5;

of.r 14fI
TS6 T 7 T64

Bonon of Door
T7i T 0 TI

Front to BaCk Ptane at Cj of Furnace

FIGURE 9. THERMOCOUPLES IN FURNACE

15



R2 FiaDIMEE

39 7/16.16



7.0 RESULTS AND DISCUSSION

7.1 Test Conditions

The pressure conditions measured inside the furnace for both
tests are shown in figure 11. This figure shows that for test 1
and test 2 the pressures recorded at the top of the door and at
the top of the hose port followed a parallel pattern with the
upper level pressures being almost ten times greater than the
lower level pressures. The pressures at the upper level in test
1 and test 2 varied from each other for the first 30 minutes but
then leveled off to similar values. This is also true for the
pressures at the lower level. The pressures recorded at the top
of the hose post were close to neutral in each test.

Temperature histories were measured for nine locations inside the
section of the furnace containing the door assemblies. These
temperature histories as shown in figure 12 indicate that the
fire door assemblies were exposed to similar temperatures at the
top of the door, the middle of the door, and the top of the hose
port. This same condition existed in test 1 and test 2.

Figure 13 shows that the heat flux measurements in the furnace at
the top of the door and at the top of the hose port (bottom of
door) were greater in test 2 than in test 1. This figure also
shows that the heat flux measurements were similar at the
different locations for test 2 while the heat flux measurements
at the different locations for test 1 had a great degree of
difference.

Temperatures were measured at three points on the exposed and the
unexposed side of the doors. These points were opposite each
other and were at the top, middle, and bottom of the doors.
Figures 14 and 15 show similar temperature histories for all the
points on the exposed side of the doors. These figures also show
similar temperature histories for the points on the unexposed
side of the doors but they are 600 to 800 degrees F (316 to 427
degrees C) lower than the temperatures on the exposed side of the
doors.

Temperatures were measured on the unexposed side of one door
assembly bulkhead and found to be within the acceptable limits
for a Class A-60 fire rating (Figure 16). This figure shows the
effectiveness of the insulation in maintaining siiilar
temperatures at the top, middle and bottom of the bulkhead.

7.2 Door Assemblies

Visual observations made of both tests are listed in Appendix B
(pages 7-10). It was noted that no openings developed in the

17
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doors or the hose ports. Smoke began coming out of the area
between the top of the doors and frames at approximately three to
five minutes for all doors. Each door had smoke coming from the
latch area by 12 minutes. The cotton-wool pads used in the flame
tests became discolored or charred in all four tests. Only one
cotton-wool pad ignited and that occurred in test one for the
north door at test time 55 minutes. Flames were noted flick-
ering through the latch area of both doors in test 1 at 40 min-
utes. The time of this flickering did not exceed five minutes.
Figure 17 shows the condition of the fire door assemblies after
the fire test and hose stream test.

Door movement measurements in table 1 show that none of the doors
moved from their original position in the door frame beyond the
acceptable limits of 1 3/4 inches (4.4 cm). Three of the doors
did however fail the ASTM E152 acceptance standard by moving more
than 1/2 inch (1.3 cm) at the latch location. The three doors
which failed were inswinging doors. The door which did not fail
at the latch area was an outswinging door. After the hose stream
tests, movements were recorded for the doors and hose ports but
the fire test results remained the same. None of the hose ports
failed the movement standards. Figure 18 shows the expansion
pattern associated with the outswinging and inswinging doors in
the fire tests.

Temperatures histories between the doors and door frames are
shown in figures 19 and 20 for the door assemblies. These
figures show that the highest temperatures occurred at the latch
and hinge area where the greatest movement of the doors took
place. This movement is shown in table 1. It is interesting to
note that the three doors which failed at the latch had
temperatures at this point which ranged from 800 degrees F (425
degrees C) to 1200 degrees F (697 degrees C). The door which
passed had temperatures at the latch which never reached 400
degrees F (205 degrees C). The door which recorded the lowest
temperatures at the latch area was positioned to swing away from
the furnace whereas the three doors which failed were positioned
to swing into the furnace.

At no time did the temperatures measured between the hose ports
and the doors exceed the temperatures measured between the doors
and door frames of their respective doors. This is shown in
figures 21, 22, and 23. In fact, all three hose ports had
surrounding temperatures which were equal to or less than the
temperatures surrounding the only door (the south door in test 2)
to pass all the requirements for the ASTM E152 test. The
temperatures surrounding the doors which failed were higher than
those surrounding the door which passed. Figure 24 shows the
condition of the hose ports after the testing.
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8.0 CONCLUSIONS

a. The hose ports did not noticeably degrade the structural
fire integrity of the fire doors.

b. The fire doors built to Coast Guard construction
requirements failed the ASTM E152 fire test when positioned to
swing into the furnace as the test procedure requires.

c. The fire door built to Coast Guard construction
requirements passed the ASTM E152 fire test when positioned to
swing away from the furnace.

d. In the ASTM E152 fire test, a door positioned to swing
into the furnace is a more severe test setup than a door
positioned to swing away from the furnace.

*9.0 RECOMMENDATIONS

a. Hose ports should be used for all fire doors in
passageways other than in watertight divisions.

b. Standard fire door tests should be conducted with doors
swinging into the furnace to create a worse case test condition.
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Designation: E 152-81a"

AMERICAN SOCIETY FOR TESTING AND MATERIALS

1916 Race St., Philadelphia, Pa 19103
Reprinted from the Annual Book of ASTM Standards. Copyright ASTM

If not listed in the current combined index, will appear in the next edition.

Standard Methods of

FIRE TESTS OF DOOR ASSEMBLIES'
This standard is issued under the fixed designation E 152, the number immediately following the designation indicates the %ear oif
onginal adoption or. in the case of revision, the year of last revision. A number in parentheses indicates the sear of last reappro~air
-\ superscript epsilon (t) indicates an editonal change since the last revision or reapproval.

These methods have heen approved for use byv agencies ofthe Department oJ Del-ense and lor listing in the DoD Indert Oi Speuticiatns
and Standards.

NorE-Paragraph 10.2 and X I. 13.1 were changed editonally and all references were renumbered in July 1984

1. Scope ever, may not be representative of all fire con-
I. i These methods of fire test are applicable ditions, which may vary with changes in the

to door assemblies of various materials and amount, nature, and distribution of fire load-
types of construction, for use in wall openings ing, ventilation, compartment size and config-
to retard the passage of fire (see commentary uration, and heat sink characteristics of the
in Appendix). compartment. It does, however, provide a rel-

1.2 Tests made in conformity with these test ative measure of fire performance of door as-
methods will register performance during the semblies under these specified fire exposure
test exposure- but such tests shall not be con- conditions.
strued as determining suitability for use after 2.3 Any variation from the construction or
exposure to fire. conditions that are tested may substantially

1.3 It is the intent that tests made in con- change the performance characteristics of the
formity with these test methods will develop assembly.
data to enable regulatory bodies to determine 2.4 The methods do not provide the follow-
the suitability of door assemblies for use in ing:
locations where fire resistance of a specified 2.4.1 Full information as to performance of
duration is required. all door assemblies in walls constructed of ma-

1.4 This standard should be used to measure terials other than that tested.
and describe the properties of materials, products. 2.4.2 Evaluation of the degree by which the
or assemblies in response to heat andflame under door assembly contributes to the fire hazard by
controlled laboratory conditions and should not generation of smoke, toxic gases. or other prod-
he used to describe or appraise the fire hazard or ucts of combustion.
fire risk of materials, products, or assemblies 2.4.3 A specific requirement that the unex-
under actual fire conditions. However, results of posed surface temperatures be reported al-
this test may he used as elemens of a fire risk though the temperature measurement proce-
asses ment which takes into account all of the dure is described.

factors which are pertinent in an assessment of 2.4.4 A limit on the number of openings
the fire hazard of a particular end use. allowed in glazed areas or of the number and

2. Significance size of lateral openings between the door and

2.1 These methods are intended to evaluate frame.
1.4.5 Measurement of the degree of control

the ability of a door assembly to remain in an 2. M asuemn of the dgree of onrolor limitation of the passage of smoke or prod-
opening dunng a predetermined test exposure.

2.2 The tests expose a specimen to a stand- I These methods are under the junsdiction ,t -STM
ard fire exposure controlled to achieve specified Committee E-5 on Fire Standards

temperatures throughout a specified time pe- Current edition approved Sept 25 and Nov 10. l1-

nod. followed by the application of a specified Publshed March l9X20ngiall? pubhshed as C 152 .I',IRedesignated E 152 in 1441 Last prevous edition E i2
standard fire host stream. The exposure, how- so
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E 152

ucts of combustion through the door assembly. 5.1.1 Unexposed surface temperatures shall

CONTROL OF FIRE TESTS be taken at not less than three points with at
least one thermocouple in each 16 ft- (1.5 m-)

3. Time -Temperature Curve area of the door. Thermocouples shall not be

3.1 The fire exposure of door assemblies located over reinforcements extending through
shall be controlled to conform to the applicable the door. over vision panels. or nearer than 12
portion of the standard time - temperature in. (305 mm) from the edge of the door.
curve shown in Fig. I. The points on the curve 5.1.2 Unexposed surface temperatures shall
that determine its character are: be measured with thermocouples placed under

1000F (5381C) at 5 mm flexible, oven-dry, felted asbestos pads 6 in.
1300°F (704 0C) at 10 mm (152 mm) square, 0.4 in. (10 mm) in thickness.
15501F (8431C) at 30 mm and weighing not less than 1.0 nor more than100°F (26C) at I h 1.4 lb/ft" (4.88 to 6.83 kg/m:) The pads shall1850°F (10t00C) at 2 h
2000 F (1093°C) at 4 h be held firmly against the surface of the door

2300F (12600C) at 8 h or over and fit closely about the thermocouples. The

3.1.1 For a closer definition of the time-tern- thermocouple leads shall be immersed under
perature curve. see Table A 1.1. the pad for a distance of not less than 3'! in.

4. Furnace Temperatures (89 mm) with the hot junction under the center
of the pad. The thermocouple leads under the

4.1 The temperatures of the test exposure pads shall be not heavier than No. 18 B & S
shall be deemed to be the average temperature gage (0.04 in.) (1.02 mm) and shall be electn-
obtained from the readings of not less than cally insulated with heat-resistant and mois-
nine thermocouples symmetrically disposed ture-resistant coatings.
and distributed to show the temperature near 5.1.3 Unexposed surface temperatures shall
all parts of the test assembly. The thermocou- be read at intervals not exceeding 5 min for the
pies shall be protected by sealed porcelain tubes first 30 min of the test.
having "",4-in. (19-mm) outside diamete. and /s-
in. (3-mm) wall thickness, or, as an alternative,
in the case of base metal thermocouples, pro- 6. Construction and Size
tected by 2-in. (13-mm) wrought steel or 6.1 The construction and size of the test door
wrought iron pipe of standard weight. The assembly, consisting of single doors, doors in
junction of the thermocouples shall be 6 in. pairs, special-purpose doors (such as Dutch
(152 mm) from the exposed face of the test doors, double-egress doors, etc.), or multisec-
assembly or from the masonry in which the tion doors. shall be representative of that for
assembly is installed, during the entire test which classification or rating is desired.
exposure. 6.2 A floor structure shall be provided as

4.2 The temperatures shall be read at inter- part of the opening to be protected. except
vals not exceeding 5 min during the first 2 h, where such floor interferes with the operation
and thereafter the intervals may be increased of the door. The floor segment shall be of
to not more than 10 min. noncombustible material and shall project into

4.3 The accuracy of the furnace control shall the furnace approximately twice the thickness
be such that the area under the time - temper- of the test door, or to the limit of the frame,
ature curve, obtained by averaging the results whichever is greater.
from the thermocouple readings, is within 10 % 7. Mounting for Test
of the corresponding area under the standard 7.1 Swinging doors shall be mounted so as
time - temperature curve for fire tests of I h or to open into the furace chamber. Sliding and
less duration, within 7.5 % for those over I h rolling doors, except horizontal slide-type ele-
and not more than 2 h, and within 5 % for tests vator shaft doors, shall be mounted'on the
exceeding 2 h in duration. exposed side of the opening in the wall closing
5. Unexposed Surface Temperatures the furnace chamber. Horizontal slide-type el-

5.1 Unexposed surface temperatures shall be evator shaft doors shall be mounted on the
recorded and shall be determined in the follow- unexposed side of the opening in the wall clos-
ing manner: ing the furnace chamber. Access-type dk-rs

2
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and chute-type doors and frame assemblies stream test
shall be mounted so as to have one assembly 9. Fire Endurance Test
open into the furnace chamber and another
assembly open aay from the furnacechamber. 9 1 Maintain the pressure in (he furnace

Dumb-waiter and service-counter doors and chamber a nearly equal to the atmopheri
frame assemblies shall be mounted on the ex- pressure as possible.

posed side of the opening in the wall. 9.2 Continue the test until the exposure pe-

72 The mounting of al doors shal be such nod of the desired classification or rating is

that they fit snugly within the frame, against reached unless the conditions of acceptance set

the wall surfaces, or in guides, but such mount- forh in Section 12 are exceeded in a -honer

ing shall not prevent free and easy operation of period.

the test door. 10. [ose Stream Test
7.2.1 Clearances for swinging doors shall be

as follows: With a minus Yi-in. (1.6-mm) tol- 10.1 Immediately following the fire endur-

erance: , in. (3.2 mm) along the top, . in. ance test. subject the test assemblb, to the im-

along the hinge and latch jambs. tg in. along pact, erosion, and cooling effects of a hose
the meeting edge of doors, in pairs, and iA in. stream directed first at the middle and then at
(9.5 mm) at the bottom edge of a single swing- all parts of the exposed surface, making

ing door, and 4 in. (6.3 mm) at the bottom of changes in direction slow, iv.

a pair of doors. 10.2 Deliver the hose stream throueh a 2
7.2.2 Clearances of horizontal sliding doors in. (64-mm) hose discharging through a 'a-

not mounted within guides shall be as follows: tional Standard Pla,,pipe of correspondtni i/e

With a minus t-in. (3.2-mm) tolerance: 2 in. equipped with a ' ,-in. 128.5-rm) dischargc tip
(12.7 mm) between the door and wall surfaces, of the standard-taper smooth-bore pattern Auth-

i tn. (9.5 mm) between the door and floor out shoulder at the onfice. l-he vater pressurc at

structure and' 4 in. (6.3 mm) between the meet- the base of the nozzle and duration nrtapphcatin
ing edges of center-parting doors. A maximum in s/ (m) of exposed area shall he as prs'rKJx-

lap of 4 in, ( 102 mim) of the door over the wall in Table I.
opening at sides and top shall be provided. 10.3 The tip of the nouzle shall he lo.ated

7.2.3 Clearances of vertical sliding doors 20 ft (6 m) from and on a line normal cothe

moving within guides shall be as follows: With center of the test door. If imiFo,,ible t, he -,

a minus 1-if. (3.2-mm) tolerance: .. in. (12.7 located, the nozzle mav be on a line de, iatine,

mm) between the door and wall surfaces along not to exceed 30' from the line normal to the

the top and/.'or the bottom door edges with center of the test door. When so located the

guides mounted directly to the wall surfaces distance from the center shall be less than 20 tt

and ':,i in. (4.8 mm) between the meeting edges by an amount equal to I ft (0.3 m for each 10

of bi-parting doors or lni in. between the door of deviation from the normal.
and floor structure or the sill. 11. Report

7 2.4 Clearances for horizontal slide type el-
eator doors shall be as follows: With a minus 11.1 Report results in accordance Aith the

-- in. 43.2-mm) tolerance: 1,, in. (9.5 mm) be- performance in the tests prescribed in these ,est

twkeen the door and wall surfaces. 1, in. between methods. The report shall sho,

the multisection door panels, and 1 in. from I1. 1.1 The performance under the desired

the bottom of a panel to the sill. Multisection exposure period chosen from the folloing 21)

door panels shall overlap ,4 in. (19.0 mm). Door mn, 30 mim. '4 h. I h. 1 h. or 3 h
panels shall lap the wall opening 1 4 in. at the It. 1.2 The temperature measurements of the
sides and top. furnace.

t11.1.3 The temperature measurement of the

CONDUCT OF TESTS unexposed side.
11. 14 All obsersations having a bearing on

8. Time of Testing the performance of the test assembI,,

.1 Time of Teting-Masonrv shall have II I 5 Flaming. if any. on the unexposed
sufficient strength to retain the assembl, se- surface of the d-or leaf during the first 2(1 mm
curely in position throughout the fire and hose of the fire test

3
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II I t The amount of mo%,ement of an, por- bolt at the latch lo0-ation
lion of the edges of the door adjacent to the 12 1 3 An assembl,, consisting o a single
door frame from the onginal position iec Sec- swinging door shall not separate more than
tion 12. in 1 3 mm) at the latch location

II I 7 The matenais and the construction of 12 I 4 The lap edges of passenger (AI' I
the door and trame. and the details of the horizontal slide-tpe) elevator doors. including
installation, hardware, hangers, guides. tnm. the lap edges of multisection doors. shall not
finish, and clearance or lap shall be recorded move from the wall or adjacent panel surfaces
or appropnately referenced to ensure positive sufficientlv to develop a separation of more
identification or duplication tn all respects than 2- in (73.0 mm) during the entire classi-

I1 1.8 Pressure measurements made in the fication penod. or immediately following the
furnace and their relationship to the top of the hose stream test. The meeting edges of center-
door. parting elevator door assemblies, for a fire and

CONDITlONS OF ACCEPTANCE hose stream exposure of I I h or less, shall not
move apart more than 1 t. (31 7 mm) as

12. Conditions of Acceptance measured in any horizontal plane during the

12. I A door assembly shall be considered as entire classification penod or immediately fol-
meeting the requirements for acceptable per- lowing the hose stream test.
formance when it remains in the opening dur- 12.1.5 Doors mounted in guides shall not
ing the fire endurance test and host-stream test release from guides and guides shall not loosen
within the following lmtitations: from fastenings.

12.1.1 The movement of swinging doors 12.1.6 The test assembly shall have with-
shall not permit any portion of the edges to stood the fire endurance test and hose-stream
move from the onginal position more than the test, without developig openings anywhere
thickness of the door. dunng the first half of through the assembly, except that small por-
the classification penod. nor more than I '- tions of glass dislodged by the hose ,tream shall
times the thickness dunng the entire classifi- not be considered a weakness.
cation penod. nor more than I:., times the
thickness immediately following the hose 13. Precision and Bias
stream test. 13. I Precision and bias data are not aailable

12.1 2 An assembly consisting of a pair of at this time: howe,,er, a task group of Suhb'om-
,winging doors shall not separate more than 14 miree E05.12 has been estabhlished to investigate
in (19 mm) or equal to the throw of the latch the subject and prepare a statement.

4
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ANNEX

(Nlandatort Information)

TABLE 4.1 i Suadard Time-TempemroreCure for Conrol of Fire Test%
Ttm¢ ~Are& .Above 6801: Base Area Above2(- BsTime Temperature. Temperature.

h mm ;F °F-mw *F-h °C °C-m -(

00 h 00 0 20
005 0(0 2 330 39 538 1 2(m)
0 10 I 300 7 740 129 704 4 300

0 15 i 39 14 150 236 760 " 131

020 1 462 20 970 350 795 II 65o 1,44

025 I 510 28 050 468 821 1 5 9) N,

030 I 550 35 360 589 843 196 50
035 I 584 42 860 714 862 23 810
040 I 613 50 510 842 878 28 06

045 I 638 58 300 971 892 32 390 4-

050 1 661 66 200 1 103 905 36 790 tIA

055 I 681 74 220 1 237 916 41 230

100 I 700 82 330 I 372 927 45 '40
105 I 718 90 540 I 509 937 50 300

1 10 1 735 98 830 1 647 946 54 91o

1 15 I 750 107 200 I 787 955 59 5 N)

1 20 I 765 115 650 I 928 93 64 2,
125 1 779 124 180 2 070 971 68 qi-,
130 1 792 132 760 2 213 978 '3 N,6"
135 I 804 141 420 2 357 985 I8 5N)

140 l 815 150 120 2 502 991 S3 4tmI

145 1 826 158 890 2 648 9% 8k 2i KH 4

150 1 835 167 700 2 795 1 001 913 ) -1
1 55 I 843 176 550 2 942 I 006 1 il ll

200 I 850 185 440 3 091 I 010 ''3 1,: 1

2 10 I 862 203 330 3 389 1 017 112 , ,,'

220 I 875 221 330 3 689 1 024 122
230 I 888 239 470 3 991 1 031 133 ' 1"

240 1 900 257 720 4 295 1 038 14 1~r-

250 1 912 276 110 4 602 1 045 153 '

300 I 925 294 610 4 910 1 052 I63 e," -

3 10 1 938 313 250 5 221 I (I 059 I4'

3 20 1 950 332 000 5 533 I(X06 I 4 4S"

3 30 1 962 350 890 5 848 I 072 1' 4 '14',r '4

3 4) 1 9'5 369 890 6 165 0,79 2'1 ' , 4 -

3 50 I 988 389 030 6 484 1 086 2 1 , ( , "

41W 2 000 408 280 6 805 1 043 26 Q,"-
4 10 2 012 427 670 7 128 I 100 1- 'I

4 20 2 025 ".47 180 7 453 1 7 4A 411 1 ' ,

430 2 038 466 810 7 780 I 114 21Y 3' . :.

444) 2 )50 486 560 8 110 I 121 2'') 31 ) "

450 2 062 506 450 8 441 128 .1 3t: , I
5(00 2 075 526 450 8 774 1135 2'J2 4,11

5 10 2088 546 580 9110 1 142 "ol tN)

5.20 2 100 566 840 9 447 1149 114 1111

530 2 112 5 8? 220 9 787 I 156 2t 2441

540 2 125 6()7 710 10 129 163 B' '3'' "

5 50 2 138 628 360 10 473 I 170 34" "

200 2 150 6,9 120 10 819 1 l'3 62171

6 10 2 162 670 000 II 167 I14 '2 23' , ",

6
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TABLIE Al.I Com:',aed

Te Area Above WIF Bas Area Above 20'( Base-m Temperatuft. Tempernture,

h mm F *F-min °F-b C 'C-min C-h

620 2 115 691 010 II 517 I 191 383 900 6 399

6 30 2 188 712 140 II 869 I 198 395 640 6 594

t4)W 2 200 733 400 12 223 I 204 407 450 6 '791

6 s0 2 212 754 730 12 580 I 211 419 330 6 989
700 2 225 776 290 12 933 I 218 431 270 7 188

"10 2 238 797 920 13 299 225 443 290 ' 333

'2o 2 250 319 680 13 661 1 232 455 380 7 S90

1"0 2 262 841 S0 14 026 1 239 467 SW4 1 '92
-40 2 275 863 570 14 393 1 246 479 760 7 96
' 50 2 288 385 700 14 762 1 253 492 060 3 201

X W3 2 300 907 %0 15 133 1260 504420 9 401

APPENDIX

(Nonmadatory Inforuation)

Xi. COMMENTARY

XI.I Introduetion to maintain their fire rating Again, NF PA Standard

X I I I This commentary has been prepared to No 80 and the specific fire door manufacturer's label

pro, ide the user of Methods E 152 with background service should be consulted for details on the instal-

information on the development of the standard and lation of fire door assemblies and for limitations on

it's application in fire protection of buildings. It also the application of specific labeled fire doors

pro.ides guidance in the planning and performance X13 Histoica Aspeds
o! tire tests and in the reporting of results. No attempt
has been made to incorporate all of the available X I.3.1 The first effort to test fire doors is reported
information on fire testing in this commentary The in a series of tests conducted in German, in 18'43 (13.
serious student of fire testing is strongly urged to 14. 15). The British Fire Prevention Committee hegmn
peruse the referenced documents for a better appre- testing in 1899 and produced a Standard Table of Fire
ciation of the history of fire-resistant design and the Resisting Elements including Fire Resisting Doors (1i
intncate problems associated with testing and with Underwriters Laboratones Inc. %~as involved in testing
interpretation of test results and listing fire doors shortl, after I 90 using their oven

standards ASTM adopted Methods E 1 5 2 on fire door
XI.2 Application assemblh tests in 1941

XI 21 Compartmentation of buildings by fire-ress-S
tie %halls has been recognized for many years as an
ctflicent method of restncting fires to the area of ongin X1 4 1 Methods E 152 are intended to pro% ide
I1. 2. 3. 4. 5. 6. 7. 8, 9)2 or limiting their spread. The methods for measunng the relative performance of
functional use of buildings however, demands a reason- fire door assemblies when exposed to predetermined
able amount of communication between compartments standard fire conditions The standard provides for
necesitting openings in these fire-resistive walls. Fire testing of several classifications, types. and methols
dooAr a,,.mbies are utilized to protect these openings of door operation including swinging, sliding, rolling.
and maintain the integrity of the fire barrer (10). and sectional doors (6) Since the effectiseness of the
openings in %4alls hase been classified by fire protection opening protection is dependent upon the entire assem-
st.;ndards (6, II. 12) and building codes in accordance bl.. proper attention must be paid to the installation a-,
with the location and purpose of the wall in which the a unit Accordingh. fire door assemblies are required
opening occurs, and these standards and codes specify to be tested as an assembls of all necessar% elements
the fire rating of the assembly required to protect the and equipment, including the door frame and hard-
openings ware.

XI2.2 These fire protection standards and build- XI.4.2 Fire protection ratings are assigned to indi-
ing codes permit labeled wire glass panels and other cate that the assembi. has continued to pertorm as
penetrations, such as labeled ventilation louvres. in required for pernods of 3. I '/. I. ,,, 2 : or '1, h labels
some rated doors. The reader is referred to the model on as.semhlies also carms the lettered designations, of -V
building codes, NFPA Standard No 80. and the B. C. D. or E. These letter designations are not a part
specific fire door manufacturer's label service for _ __

information on the types and sizes of these openings " The !% ldface numhers in parenthesw, rele, to the lit ,t
X 1 2 3 Fire doors must also be properls installed referenLes at the end o this appendis

-7
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of the E I *2 standard classification s,,stem but are used .nnex The actual recorded temperature - time ;,n-
to designate the class of opening for which the door is dition obtained in the furnace is required to he w4ithin
designed as determined by other standards (6, 11). specified percentages of those of the standard curse

Xl 4.3 The 17-h. or 20-mw fire-rated door is rel- The number and t.pe of temperature-measunng de-
atively new Concern about the uniform adequacy of vices are outlined in the standard. Specific standard
the 1 4 in. (44 5-rm) solid bonded wood core con- practices for location and use of these temperature-
struction and the difficulty of determining equiva- measunng devices are also outlined in the standard
lency of other t',pes of doors, led to a voluntary XI.7.2 The standard temperature - time (T - il
consensus to test such doors for 20 mm in the E 152 curve used in E 152 is considered to represent a sesere
furnace using the same acceptance cntena as speci- building fire (3). The curve %as adopted in 1918 as a
tied for door assemblies traditionally tested for a result of several conferences by eleven technical orga-
longer penod of time except that the hose stream test izations, including testing laboratories, insurance un-
is required by the test method but may not be re- derwnters. fire protection associations, and technical
quired by regulatory codes. societies. It should be recognized that the F - i rela-

X1.4.4 It is usual for fire door to have a fire tionship of these test methods represent on], one real
protection rating lower than the wall in which it is fire situation (7,. 9, 18, 19. 20, 21, 22, 23, 24. 25. 26.
installed, for example, a I -,-h fire door in a wall 27).
having a fire-resistance rating of 2 h. This is justified
by the fact that under normal conditions of use the XI.8 Furnace Control
potential fire exposure in the victruty of a door open-
ing is lessened since there will be a clear space on X1 8.1 The standard contains specific istructon
txth sides of the opening for traffic purposes. If the for measunng temperatures in the furnace and for
opening is not used. combustibles may be piled selection of the required thermocouples. Thermocou-
against the door, and the assumed enclosure protec- pies of the design specified are sufficiently rugged to
tion will not be maintained. In these nstances, the retain accuracy throughout anticipated test penods
openings should be made equal to the rating of the wall However, their massive construction results in a sig-
or precautions taken to prevent storage of combustibles nificant tume delay in response to temperature changeagainst the doors (2, 6). and results in temperatures exceeding the indicated

temperatures dunng the early stages of the test period

X1.5 Limitations when the temperature nses rapidly. The iron or por-
celam tubes surrounding the junction and leads of

Xl SlI Methods intend that the door be tested the thermocouple provide a shield against degrada-
until the conditions of acceptance are met for the tion of the junction and increase the thermal ineria
desired exposure penod unless the conditions of ac- It is customary for laboratones to replace furnace
ceptance are exceeded in a shorter penod. It is not thermocouples'after three or four accumulated hours
intended that a fire door subjected to a building fire of use.
will be satisfactory for reuse after the fire.

XI5,2 The vanations in matenal performance X1.9 Unexposed Surface Temperature
preclude any prediction of an assembly's perform- XI 9 I Conditions of acceptance for fire-resistie
ance in walls other than those types used in the test. walls specify that the temperature increase on the
The standard also makes no provisions for measunng unexposed side of the wall not exceed an aerage of
the generation of smoke and gases or other products 250°F (139*C) above ambient, and that there be no
of combustion from the unexposed side of the door passage of flames or gases hot enough to ignite
Temperature measurements on the unexposed side, combustibles It is obvious that the necessit, of main-
when recorded, are stopped after 30 m . taming some clearances for efficient operation of the

door and the possibilty of warping preclude com-
Xl.6 Furnace pletely any attempt to resnct escape of gases and

XI 6 1 The methods provide details on the oper- minor flames on the penpherv of doors
atrig charactenstics and temperature-measurement X 1 9 2 The standard descnbes a standard proce-
requirements of the test furnace. The walls of the dure for measunng the unexposed surface tempera-
furnace should he typically of furnace refractory lures. However, unexposed surface temperatures are
materials and should be sufficiently rugged to main- not a condition of acceptance 1ot I 152 Building
tam the oserall integnty of the furnace dunng the regulations do restrict temperature transmission tor
fire-exposure penod some wall-opening proteclises (6, I1 IFor instance. it

X 1 2 The thermocouples in the furnace are lo- is usual for codes to limit the temperature rise on the
cated 6 in 152 mm from the face of the door or the unexposed side of fire d(xrs protecting exit stairas
wall in which the door is installed Otherwise no to 450"F (250"(Y during the first 10 mm of test rhis
furnace depth is specified. A depth of 8 to 18 n. (203 cnitenon assumes that a higher temperature would pro-
to 457 rnm) has been considered desirable by most side enouh radiant heat to discourage if not present
laboratones. The reader is urged to consult reference occupants from pavxing hf the door dunng an emer-
documents for a more comprehensive review of furnace genc It is presen- :ractice for testing iaboratones to
design and performance (16, 17). proide labels on -e door, indicating that the mat-

mum transmitted .mperature on the unexposed side
XI.7 remperature - rime (ure is 25( F. 4W'F. or ti5?i IC or leV

X I ' I -N specific temperature - time relationship af'ose ambient If not indkated on 'he label the ,eni-

for the test fire is defined in the standard and in the perature nse dunng the fi'rst t min mas or mas
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be in excess of (650F ( 36 C 1'C Temperature rise on the create both negative and positive pressures on door
unexposed side of glass panels and lou%res is not mea- assemblies depending upon atmospheric conditions.
sured height above ground. wind conditions, and ventila-

X I 9 3 Intormation on the properties of pads used tion of the compartment at the beginning and during
to coser the thermocouples on the unexposed surfaces the fire
ma% be found in Appendix A2 of ASTM Standard XI 12.2 Methods E 152 specify that the pressure
E 119 in the furnace be maintained as nearly equal to

atmospheric pressure as possible Experience has
Xl.10 Test Assemblies shown this practice to be acceptable The pressure in

X I 10 I Standard E 152 provides a relative measure the furnace is required to be reported but the method
of performance for door assemblies. In order to estat- of measunng it is optional with the laboratory
lish confidence that the tested doors will perform in a
building as expected. the tested assembly and its instal- XI.13 Hose Strem Test
lation in the test frame must be representative of actual X I 13 I Immediately following a fire test. the test
use conditions Therefore, the National Fire Protecuon frame is removed from the furnace and the do)r
Assn Standard No 80 (6) or such other standards or assembly is subjected to the impact. erosion, and
specifications should be consulted before testing an cooling effects of a stream of water from a 2k-in
asscmbls (63 5-mm) hose discharging through a standard plas-

XI 10 2 Methods E 152 provide additional mini- pipe equipped with a I/s in (28 5 mm) tip under
mum requirements includmg direction of door swing, specified pressures (see 10.2). The application of water
location in relation to the exposed side of the wall. produces stresses in the assemblb and provides a mea-
and specific clearance between the door and its frame sure of its structural capability Weights were once used
or wall, or both Regardless of other specifications, to provide a measure of the ability of the assemblN to
these instructions must be followed m order to make withstand impact. The hose stream is considered to be
a comparative judgment on test results an improvement in uniformitt' and accurac% over the

X1.11 Coduct of Tests weights.

Xl II I The test frame or wall in which a door Xl .14 Conditions of Acceptance
a.ssembl is installed should be rugged enough to X 1 14 A The standard pro-.ides a specific set of con-
endure the exposed fire dunng the tune period, with- ditions h,, %hich the performance of the door is mea-
out affecting the door assemblv Traditionallv. this sured. the most important being that it remain in place
vall has been of masonr, construction Today, fire during both the fire test and the hose stream test
doors are installed in other than masonr, walls and Instructions for conducting the hose stream test are
have been tested in walls framed with metal and detailed in the standard
wood studs cosered with a number of materials

X 1.15 Additional InformationXI.12 Furnace Pressulres X 1 15 1 Inquiries concerning Methods F 152

X 1 12 1 A fire in a buildmg compartment will should he addressed to ASTM Subcommittee E05 12
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NOTICE

This Peport was prepared as an account o, .crk sponsored by
the United States Government. Neither the United States
Government nor Underwriters Laboratories Inc. nor an- of their
employees nor any of their contractors, subcontractors, or their
employees make any warranty, express or implied, or assume an
legal liability or responsibility for the accuracy, completeness,
or usefulness of any information, apparatus, product, or
processes disclosed, or represents that its use would not
infrince on privately owned rights. This Report may not he used
in any way to infer or to indicate acceptabilitv by Unerwriters.
Laboratories Inc. for any product or system.
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ABSTRACT

Two fire tests were conducted with each assembly consistino
of two Class A-15 marine type fire doors installed in Class A-60
bulkhead assemblies. Three of the doors were provided with a
hose port. Three cf the doors were installed so as to swing into
the furnace chamber and one to swing away. The bulkhead
assemblies were constructed using 11 USSG steel plate protected
with USGG approved structural insulation as specified in the USCG
"Guide To Structural Fire Protection Aboard Merchant Vessels."

Each fire test was conducted for a 1 h duration essentially
in accordance with the ASTM E152 Standard for Fire Tests of Dccr
Assemblies. After the 1 h fire endurance test each test panel
was irarediatelv removed frcm the furnace and the door &ssemblies

subjected to the hose stream test specified in AST'I E-7,'.

During each test observations and measurem.ents were ade
the passace of flame and water hthrough the dccr ass is, he
temperatures on the unexposed and excesed faces c: thE doer
assemblies, temperature ,:ithin the furnace cnanner, eat flux
incident on the exposed face cf the test frame, relatv rressure
within the furnace, movement of the doors and hose rort an-
ignition of cotton wool placed over critical areas ,n ' -e
unexposed side of the deer assemblies, with rarticular reterence
to the hose port area or the doors. PhotoaraDhic: ,ird videc
records of the tests were obtained.

N-
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FOREVW0RD

This is a final report of an investigation conducted under
Purchase Order Nos. DTCG50-86-P-01554 and DTCG50-86-P-0150
issued by the United States Department of Transportation, United
States Coast Guard for the second phase of their R & D Project
No. 2284.

The test work was ccnducted on October 7, 1986 (Purchase
Order No. DTCG50-86-P-0i554) and October 8, 1986 (Purchase Order
DTCG50-86-P-01650).
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.... R C D C T i O N

This investiaatien was initiated to Drc'4 r est qata
United States Coast Guard (USCG) concerning the --rc r.- anc.
a standard fire exposure test of marine type fire door cmoc, nc

hose ports.

The object of this investigation was to develop data on the
fire performance of the door and frame assemblies by Mea:1s --
fire exposure and hose stream tests conducted in accrcance
the Standard, "Fire Tests of Door Assemblies", AS.! .

tests were conducted in accordance with S E"32
follows:

1. The pressure inside the furnace was contrc.ld .
that the neutral pressure plane was located at
edce of the hose pcrts.

2. Additional thermocoupLes were riaced in t.

record temperatures on the e: - ac -
and in the furnace chamber at -pec,:t>.-- I-

reaueost of the

~. One ot the door assembies .,was Ins-c...
away from the furnace.

4. Quick response type shielded furnace U.er-: -7
used to record furnace tor[erature!, at-.>r .
slower response type r.rotect._u t h.r. v ,:
in the ASTM ElDS2 Standard.

5. Thermocouple pads used on the uncxncs, . -.
assembly were of the t...e scecifiec in --...
Speciications for Bulkh4a6 panel, .CP?, 9.-:
! 4 . 008.

6n t e n tration c.. h. onc exros( a
ssemb Iv was detern12Lec .b moans o: c": .-

rlaced over critical areas as cc-'
I ,4 .008.

7. Hfeat f lux au ncqs J, ,:IdI t na I t

measuremr(:nts on the ,:xposed and i,

assemblies %ere .- ide a t!.e r (,:uest .. '"'

p.

- -.. . , . .y .. ,. .,.:..-.. .. . -* . . .' -, '.-* ' . , . -. .... ..*. . -. . .. .. .,-:. . . . .
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CONSTRUCTION DETAILS:

GENERAL

Each test door assembly consisted of a hollow-metal door,
pressed steel frame, 3 mortise hinges, and a mortise lock,
received as an assembled unit from the manufacturer. Three of
the doors were fitted with hose ports of various designs located
at the bottom latch edge corner of each door. The door
assemblies were reported as approved for Class A-15 locations.

See ILL. 1 for the test panel/bulkhead configuration.

DOORS

Each door was designed for an opening 36 in. (914 mm) in
width and 70 in. (1778 mm) in height.

Each door consisted of steel faces spot welded to steel
stiffeners. The doors were filled with mineral wood insulatlcn.

HOSE PORTS

Three of the docrs were constructed with hose orts. Each
port was formed of steel and attached to the door with ene hince.
The doors/ports were fixed with manual surface bolts, but they
were altered so as not to cause accidental latching of the
assemblies during the tests.

FRAMES

The frames ccnsisted of sheet steel formed/welded into a
four sided single rabetted frame. The frame throat was clcsed
and breught out tc a flanqe, which was welded to the face of the
bulkhead canel. The closed spaces of the frames were fil§eK with
71neral wool. St-e ILL. 19 for details o' the frame ccnstructinn.

HARDW'APE

Each assembl" incorporated a UL Listed mortise ty:re lc,-kse
with 1 3 in. (19 mm) latch throw.

Each rirer was '.rovided with 3 mortise type steel hincc5
in. (1? ram) hich. The hinces were attached to the deer and

:rjme with machine screws.

.. . -. . -N
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_!,Hi:WEAD

Each -.or and frame assembl, was inst- c---to a CU.ss A-60
bulkheac. The bulkhead assembLies were .u- :c a rrick wai"
within the test panel.

See !LL. 16 for the construction of each steel bulkThead.

After the door assemblies were installed in the steel
bulkheads, by continuously welding the frame Cl]nce to the
bulkhead, USCG approved mineral wool structural insulation was
applied on one side of the bulkhead assemblies. The insulation
was attached by welding steel pins, on 12 in. cen.ters, on the
exnosed face of the bulkhead. Structural insulaticn, 3 in.
thick, was impaled on the pins, the insulation ccvered with a
wire mesh, and then steel clips placed on the pins over the mesh
to unitize the assembly. The interface between the bulkhead
ranel assemblies and the test panel was sealed to creveno leakace
cf hot gases along the edges of the test frame.

SA:.PLE :ENTIF!cAT7 c.

To aide in correlaoina the test results ca:.:nea uii: -
two tests, all data is rresenrcd together an rezerecr. bv he
milowinc tesz sample Cesianations:

Earpole Desqoration Sample Descriptic-r.

North assembly of test "o (ic .... ic in,
('cutle actlnc hose : )

South assembl ,., (- .es, " .c si,

no hose port).

:: North assemblv o ... rbr 1
hcSc t rt swine a.s) .

CS South assenL' ... " es< "

r.ose :ffit sw' '~r nc : .'c !

., tLst a - ..... ...o. 1 s S wr. "
as-I ,biv No. 2 v :LI§.. r h do .
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T E S T R E C O R D N O. 1

FIRE ENDURANCE TESTF

METHOD

After the br 27, wall of the test panels had seasoned, the
fire tests were corJucted in accordance with the Standard for
Fire Tests of Dcir Assemblies, ASTM E152.

Throughou t .e fire tests, observations were made with
respect to the .aracter of the fire, the condition of the
exposed and une: osed faces and all developments pertinent to the
performance of :he doors as a fire retardant with special
reference to st-ability and flame passage.

RESULTS

Control of Furnace Tenneratures and Pressure - Both fires
were lumin-.s and well distributed during the fire test. The
temperatur5 s within the furnace chamber were controlled in
accordanc- .7.ith the Standard Time-Temperature Curve as shown con
ILLS. 4 (t 1st No. 1) and 11 (test No. 2) and defined in tile
ASTM E152 3tandard. See ILL. 5 for the furnace thermoccuple
location, for both tests.

Th pressure in the furnace chamber for each test was
contre ed so as to locate the neutral pressure plane Ft about
tne tc edge of the hose ports. Measurements of the static
presa -e during the fire exposure tests were made using to
pres. ire taps, one located at the top of the doors and cne
loc3-ed at the top edge of the hose ports. The measurements

*. re rfded are shown in Appendix A for the correlated data.
Apr ndicies C and D contain the data for Test Nos. 1 and 2,
re pectively.

Observations of Exposed Face of Test Assemblies - The
;servatlcrns on the exposed side were as follows:

• -, -' . .-- ------ --, ..- ,-, ..,. .-. .-, .- o-- ., .• .- • -... • : , .' ->, .: .;. ' - 'dr..



USNC 42
Paae 6
November 6 , :96

- ire Exc s ure
Time, min SarCLe No. 0hc,-,--rvaI:C:- F

I" iS The doors were he;:±na :cwarvs - >0

5 2N, 2S The doors were botina towarcds the fire.

i 2N, 2S The paint has burned of: :he docrs arc:
frames. The bulkhead insulation has
sliohtlv discolored.

12 IX, IS The paint has burr.ed cff tn ors 2

frames. The bulkhead .. ,-z n :has
discolored.

-0 IN, IS, The hardware remained tnt::t. Tre
N, S 2 bowinq of the cccrcs Sct.e

i IN, is, No acrarent chance i:. -. erc-
ZS, 2 durine the last . t .

'i re oxoosure.

The --enera' ippearanrce of the e.oesec,

lire -,:r-xosure tand Iefore th ae .
is shown by ILLS. 6 (test No. 2) at 12 (e

Observations of Une::zosed Side - The e .

assertbly was determined Ir reasurements -1Cn
center line of the door at midheiaht. The 'U c >-_- §

line :as a fine, taut, steel wire Inann:.
opening.

The defIections of each doer and frrc .::-. '
fire durir the t_-ire expcsure wor. -1 " : -

The ':,.:[ U.;¢< sur tarc ty t2 .cr1 ItI ,, 2 ' ,-i ! - . , !.

%,were -eJ-- : -i r rccccrut-d . Te v rte- ertr tr m --:7 su..r- d a~t - : ; ~ iut+¢r''a 1S ... ..

The recored terperati:rs or the n .. T.: - : -.-- A 1-

V.

p , i 1o
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At the recuest of the ":5.,1. the surface t.-e,at:: " r
measured under pads that were i nv 2 . rcat.er :an

Additional>., neasurements .,:ere made at clearance rre n,>?
between the coor and fr an- an; cetween t-e door ::(7 2c : -~ - -

well as on the unexposed side of one bulkhead a.5n .
Radiometer and calorimeter readings were also taken dur,:t:7 the
tests. The locations of the flux measuring de,.-cEs are c-cw, or

,*- ILL. 17. The locations of the ex:tra thermccouples art s-own cn
the same illustrations as the door surface thermocouples. The
comparative readings for all instrumentaticn are shown
Appendix A.

The observations cn the upeFcsed face .,ere as

Fire Exposure
.,ime, min Samtle No. Observations

1IN Flames were "isible lockin.--rL-
the oao around the hcse

-" 2,':, 2S Audible renorts =rnr- -ao <

reForts ot
the next rin.

... ud i e r ecrts
reports continuec an('-. ..
-he next 9 .in.

2N, :S The doors o're I-w: S: -.
fire.

IN[ <loke WdE o7'n nvc~t-"'

botween the :ran'e an -,
thetoaoe

S- .. . . ..btw.oen thec toc" ."' - .. : :.

r me.

•~~~~~ T- . . °.. .

" r~l , ,'

'.5-,-

.. .. .. .. . .. .. .. .. . ...... . "...

,'-( 2 ........- . ...........-...-. .......................... .- - -- ,. . -.-, . , ........ . ... ,. . . ...... . ...



Pace
N o%,em t cr 8 >6

Fire 7x:n'isura
-i!Me, in Sarnele ".0.- 0bS cr '-It I-

10 2S . r, cotton cc~;t
top Latch corncr of te-n
change in appearance.

10 is, iN A dry cotton pad -,,as Lc 'r r
tops of both doors , o cnance in
appearance.

iN ~A dr%. cctton cad -a2 ac eoat
h o se cor t - th! e pa e bca~
dis c o lo re .

Ii S, 2N The !Dottom latch cdce on '
ports) were howeu :ro ne rnce

11 2N 'T7he top of the (cor ''

The la-tch, area %w:as e:nn-
d1300 Lur.

A'udibla e ot rr - c.

!atch' area of Loto oos

13-1;,'2 iNAudib!DLe rc-port f=a .
beCa-n !CosinC cr (7 enJ4rt recr
o r t'hu (1cor ' s rmo,_co7ero

1311 5Th 'atc- toll ha,-d een~o 'vr

toc t:';e extcnt t hat t~:':irs

:7 -1 r G

- - P -1 >eucr

r c Jer- hr&w: c
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Fire Exposure
Time, min Sample No. Observations

26 IN A dry -ct-cn tad was placed -ear the
hose port - the pad had some mcis-ure
deposited on it.

30 IN The latch was loosing more engacement.

32 IN Loud report from the door.

35 IN The north door was discolorina 7-re
rapidly than the south door in
Test 'o. 1.

35 2S A dry cotton pad was placed near -e
top latch corner of the dccr- the
was no chance in the mad.

36 2N A dry cotton rad was placec near - e
top center of the door - the mac
became heavily discolored.

40 1S,! Intermittent flicks of f me 7.e
frcm the furnace, between t fe cra.-e
and the edge of the door, -h

area above the latch.

40 is, IN Dr,," cotton mads were placed .-. ae
areas ;.here -_-lames were oh -

the pads became charred.

40 2N The frame %..as distortinc., Lo%,-f nI
the area of the center hince.

40 2S The tot hince -orner of the .ccr
began bowinc away frcm the steo.

41 iN The charred paint ",.as flakincccf:m>
door.

42 IN, IS Steam was issuinc from the decrs.

2S Dry cotton pads were placed ne:r cxe
hose port and near the doce c' the
door above the latch -bcth :a s
slightly discolored.

h:-ilo



aNC 142
Paue 10

a ~November2, 6

Fire Exposure
im e, n S amtzle N~o C 'Is e ra ric) ,s

2N A ~dr' ct-on --ad wjas ac
the edge of the door aLoc'e -:-.

* latch - the surface of' -he rad
became heat-U'v charred.

55 is A dry cotton cad was placed near
the edqe of the door above,( the
latch - the surface of the rad
became heavilv charrc.

A dr-' cotton pac. vas ,Lace,
the --dqe off the doer <o. n
latch. '.IhLe the po. %,:as in
positiJon a flam-e flced -:r--
7oint bezt,.een theder.n
Lfrar'e and ianited t--e naL:

* 60-1 2 S fter the Last ofain
unextzosec instruena::_,-2
turn a c vas -_u r r. c. uc:

saitetes sub~t~ tC CL,
strcam test.

60-1/2 2S, 2N After the 'ast readinoi -f
u-ex6rcsed instrunen:_-z--n, th
furnace was turned. ot: an,_~
samples sub. ected to 7 ose
stream test. Pir- ''

the furnace off, an r't*s
made to place a cotton In
front of ar. crened hc-7e 'e;rt. x
attemnt .. as aborted'_( e2
deeor hose pcr t couh 7Ct 1,
open because of the : >iv
L._4 tcrtion c"urIng t P'Lt

-4L.
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HOSE STREAM TESTS:

METHOD

immediateLv after the 60 min fire exposures, the assemblies
were withdrawn from the furnace and subjected to the impact and
cooling effects of the 30 psi (207 kPa) hose stream for 18 s, per
door/frame assembly, as specified in the Test Standard for a
60 min fire exposure.

RESULTS

During the application of the hose stream the door bowed out
and normal amounts of water passed between the frame and the
door.

The hardware held the door closed in accordance with the
conditions of acceptance for an exposure period of I h. The
latch bolts on the IS and 2N doors were completely bent ever and
were not engaged in their strikes. The latch bolt on the IN door
increased its engagement from that of the fire test. The latch
bolt of the 2S door remained projected and was intact after th,
test. The hardware was not operable after test.

The test assemblies withstood the hose stream test without
developing openings anywhere through the assembly.

The door assemblies remained in their cpeninc durinc the
hose stream test.

la The movement of the four swinging doors resulted in the
latch edge on door IS to move from its original position in a
direction perpendicular to the plane of the door a maximum of
1-1/4 in. (31.8 mm) above the latch location as a result of the
hose stream test.

The door frames remained securely fastened to the bulkheads
on -.1ad1 s and did not permit through openincs between frameand door, or between frame and bulkhead.

The appearance of the exposed and unexposed :aces aflter the
fire and hose stream exposure tests for Test No. 1 is sihown en
ILLS. 7 and for Test No. 2 by ILLS. 13 and 14.

ii ." '. ' "' ' . , e " -.. """"' ,, . " " . '. "," " . , , " .- ' - " . . . . " " "" ',' " " . - ' '
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S U M M A R Y

FIRE RE:ARDANT PROPERTIES:

There was no flaming on the unexposed surface of a door
assemblies 2S and 2N during the fire exposure period.

After_- 30 min, some intermittent light flames (not e::ceedina
6 in. (152 mn) long) , for periods not exceeding 5 min intervals,
did occur along the edges of IS and IN doors.

The hardware held the doors closed in accordance with the
conditions of acceptance for the entire fire exposure percd.
The lat.ch bolt on the doors iN, 2S and 2N only, remained enoace:
in their strikes and were intact after the test.

The test assemblies withstood the fire endurance test,
without developing openings anywhere through the assembly.

The door assemblies remained in the opening during tne
endurance tests.

The movement of the swinging doors did not result in
portion of the edges to move from their original zcsiticn =ore
than the thickness of the door during the entire fire exoosure
period.

The three inswinging doors separated more than 1/2 inch
(12.7 mm) at the latch location.

The door frames remained securely fastened to the buioe~ds
on all sides and no through openings develoced between tne :rare
and door, or between the frame and bulkhead.

HCSE ST:REM RESISTANCE:

The hardware held the door closed in accordance wt the
- conditions o' acceptance for the entire hose stream exFosu-
* period. The latch bolt on doors IN and 2S, only, remained

engaged in their strikes and were intact after the test.

Each test assembly withstood the hose stream test, without
developing openings anywhere through the assembly.

Every door assembly remained in the opening during the
hose-stream test.

_ - - - . .. -.. - " . " - - . . . • - . . .-. . . -.- .. - a -. . --. -
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The three inswinging doors continued to be more than 1/2
inch (12.7 mm) from their original position at the latch
location.

The movement of the swinaing doors did not result in any
portion of the edges adjacent to the door frame moving from their
original position in a direction perpendicular to the plane of
the door more than 2-7/8 in. (73.0 mm) during the hose stream
test.

Each door frame remained securely fastened to the bulkhead
on all sides and did not permit through openings between the
frame and door, or between the frame and bulkhead.

HJG/'KWH :sb
LET1
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m2-
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APPENDIX A

ASTM STANDARD E152-81a
STANDARD METHODS OF FIRE TESTS OF DOOR ASSEMBLIES
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File USNC 142 Appendix A Page 1 Issued: 11-3-86

APPENDIX A

GENERAL:

This appendix contains the correlated temperature, heat flux
and pressure data obtained during the fire tests conducted on
October 7 and 8, 1986.

THERMOCOUPLE LOCATIONS:

The thermocouple locations on the unexposed face of each
assembly are shown on ILL. 17, and correspond to the shown
channel numbers on the following data charts.

The location of the special furnace thermocouple grid is
shown on 'LL. 15

OTHER INSTRUMENTATION:

The location of the pressure taps, radiometers, and
calorimeters is shown on ILL. 17.

L4
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142

10-7-86 and 10-8-86

Teniper ature Llegrees 1"

SAMPLE iS IN 2S 2N
CHAN(NOS.) 1 1 I 1

TIME
0:10 0.0 69.5 75.8 76.5
5:10 0.0 84.8 78.8 81.6
10:10 0.0 187.2 138.2 120.5
15:10 0.0 308.0 22-3.0 179.4
-20:10 0.0 411.8 304.7 231.3
2)5:10 0.0 503.5 406. 308.5

4a,

30:10 0.0 383.1 491.0 348.6
35:10 0.0 445.9 554.2 407.8
40:10 0.0 445.9 574.0 419.2
45:10 0.0 467.(7 597.0 435.5
50:10 0.0 590.4 609.4 439.8
55:10 0.0 504.4 610.4 477.9
G0:10 0.0 506.0 643.6 473.3

UNEXPOSED SURFACE TEMPERATURE - HOSE PORTS

NOTE: Temperatures were not measured on door 1,: 'or
Channels 1, 2, 3 and 4 since it did not c ntai:;
a hose port.

*"

A%'

44
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142

10-7-86 and 10-8-86

Temner ture Deqrees F

SAMPLE iS IN 2 2N
CHAN(NOS.)

TIME
0:10 0.0 69.1 76.8 77.7
5:10 0.0 82.4 78.5 85.3
10:10 0.0 237.6 209.8 153.6
15:10 0.0 690.5 370.3 246.3
20:10 0 .0 533.0 49. 0 334.6
25:10 0.0 466.2 93.2 403.4
30:10 0.0 '40.4 1,G0.5 460.4
35"0 0.0 531.() 718.3 499.7

40:10 0.0 k565.0 734.6 21.2
45:10 0.0 7195 723. 9 521.2
50:10 0.0 709.1 733.1 533.1
5: 10 0.0 771.6 764.2 538.7
60:10 ().0 748.6 708.2 .

UNEXPOSED SURFACE TEMPERATURES - HOSE PORTS

B- " S

,, " WO I&A

. . . . . . . . . . . . . . . . . . . . . . . .,...
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142
10-7-86 and 10-8-86

TenDer 3ture Lleqrees

SAMPLE IS N 2. 2 N
CHAN(NOS.) 3 3 - Ti

T IME
0:10 0.0 69.8 95.9 77.,
5:10 0.0 80.0 84.4 91.4
10:10 0.0 170.4 170.7 152.8
15:10 0.0 331.2 26'7.4 229.7
20:10 0.0 ,]91.4 354.4 5i68.1
25: 10 0.0 424.4 431.8 50.-
30:10 0.0 457.,6 '9-. 2 39.3
35:10 0.0 460.3 570.1 708.,.
40:10 0.0 492.7 593.6
45:10 0.0 509.1 603. 742.
50:10 0.0 605.4 010.0 757.3
J5:10 0.0 610.4 317 . -4 .6 ,
uO:10 0.0 6 3J.7 ,47.6 7?.

UNEXPOSED SURFACE TEMPERATURES - HOSE PORTS

4B

_ B-4 7
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142

10-7-86 and 10-8-86

Tenf tril'ture £eqrees £

SAMPLE iS 1N 2S
CHAN(NOS.) 4 4 4 -

T IME
0:10 0.0 71.7 74.7 76.5
5:10 0.0 8G.0 83.0 81.2
10:10 0.0 139.2 140.3 121.,J
15:10 0.0 223.4 228.7 188.
20:10 0.0 .]L1.0 317.2 ]c0. 4
25:10 0.0 322
20:1 0 00 360.4 43-
35:10 0.0 382.7 J35.50
40:10 0.0 .16. 1J 40? .
45 : 10 0. 0 427. 5;'3 . 4.,>.
50:10 0.0 496.1 4".
L75: 10 0.0 . 0" : . L,/ b 4-t
-0:10 0.0 4 -. 15

UNEXPOSED SURFACE TEMPERATURES - HOSE POP'>-

S°. .... .-..
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FILE USNC142 APPENDIX A PAGE 6 ISSUED: 11-3-86

United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142

10-7-86 and 10-8-86

Temoer ature Deqrees C

SAMPLE IS I4 3 2N
CHAN(NOS.) 5 5 5 5

TIME
0:10 68.0 68.6 74.5 76.3
5:10 74.7 72.3 77.0 79.9
10:10 116.7 116.9 149.1 120.0
15:10 189.0 195.7 179.3 186.6
20:10 245.9 293.1 145.2 251.9
25:10 292.2 401.0 311.5 322.3
30:10 340.4 478.6 356.6 377.9
35:10 371.9 542.3 601.4 403.8
40:10 401.7 558.1 672.4 427.0
45:10 413.1 587.8 704.7 439.7
50:10 435.2 618.6 725.5 446.,
55:10 457.3 628.5 743.6 455.0
60:10 470.6 669.9 7,61.1 486.'

UNEXPOSED SURFACE TEMPERATURES - FRAME

B-40
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FILE USNC142 APPENDIX A PAGE 7 ISSUED: 11-3-86

United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142

10-7-86 and 10-8-86

Temperature Degrees F

SAMPLE iS IN 25 2N
CHAN(NOS.) 6 6 6 G

TIME
0:10 68.7 72.2 81.1 96.2
5:10 119.7 153.1 182.0 163.7
10:10 232.9 318.4 167.2 465.7
15:10 362.5 524.1 224.6 659.3
20:10 536.6 668.6 277.3 833.4
25:10 602.6 743.8 29.2.4 863.0
30:10 639.4 795.1 311.8 909.6
35:10 666.0 830.1 330.5 931.5
40:10 673.1 951.1 340.2 956.5
45:10 689.1 863.9 350.9 968.5
50:10 731.5 901.7 356.1 1000.6
55:10 732.5 908.7 363.7 1021.4
60:10 756.5 932.6 368.7 1047.,

UNEXPOSED SURFACE TEMPERATURES - FRAME

B-5b

P -% %-
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNCl42
10-7-86 and 10-8-86

Ternoer.ture Degrees F

SAMPLE 1s IN -)N
CHAN(NOS.) 7 7 7

TIME
0:10 72.8 75.2 76.8 90.0
5:10 178.8 193.4 108.3 3G9.1
10:10 280.9 2193.0 284.6 465.3
15:10 370.5 4"23.0 :377.0 580.3
20:10 438.0 449.5 436.0 7.

2:0451.4 466.9 486.2 753.L
30:10 470.6 487.6 5 22 .4 $5'
35:10 499.4 514.9 570.9 817.5
40:10 511.3 513.4 597.G 826.2
4 3: 10 5J32 .0 530.0 G615. 2 841.3
50:10 545.5 5 12 .91 2. 5 862.1I

*53:10 560.1 495.9 636.9 875.4
*60:10 568.6 521.2 644.b 884.'j

UNEXPOSED SURFACE TEMPERATURES -FRAME

E~-51



FILE USNC142 APPENDIX A PAGE 9 ISSUED: 11-3-86

United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142

10-7-86 and 10-8-86

Temperature Degrees F

SAMPLE is iN 2S 2N
CHAN(NOS.) 8 8 8 8

TIME
0:10 70.7 71.2 75.1 80.7
5:10 286.4 187.9 95.5 198.2
10:10 726.5 428.5 214.4 541.5
15:10 964.8 828.9 378.7 783.7
20:10 1032.3 885.8 464.3 929.4

25:10 1047.0 871.6 532.9 1002.8
30:10 1080.0 891.9 570.8 1019.9
35:10 1084.0 860.1 606.3 1046.2
40:10 1112.6 887.4 619.7 1050.4
45:10 1142.3 889.7 641.3 1037.7
50:10 1157.5 920.1 652.3 1045.8
55:10 1160.7 933.8 664.7 1055.0
.60:10 1182.3 971.1 680.5 1071.7

UNEXPOSED SURFACE TEMPERATURE - FRAME

P,-52
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FILE USNC142 APPENDIX A PAGE 10 ISSUED: 11-3-86

United States Coast Guard
Bulkhead Door Tests
86NK24389/USNCl42

10-7-86 and 10-8-86

Temper3ture Degerees r.

SAMPLE is IN 2S 2N
CHAN(NOS.) 9 9C 9

TIME
0:10 74.4 78.2 85.3 81.2
5:10 79.7 88.9 153.6 86.1
10:10 110.3 142.0 217.6 136.4
15:10 201.6 321.4 304.5 247. 
20:10 291.1 419.7 39J., 371.2
25:10 370.6 451.7 -.51 469.0
30:10 429.0 515.1 495.9 57'5. 4
35: 10 464.2 537.0 542. 1 607.2
40:10 482.6 557.7 577.1 630.0
45:10 497.4 568.G' 603.0 643.5
50:10 514.9 577.5 622.6 652. 13
55:10 533.6 588.5 63. G 66 2.
60:10 552.3 611.0 ,55.2 672.,

UNEXPOSED SURFACE TEMPERATURES - DOOR

B-53
,. . . .. -.. s a ......... ..... ..a.~. -. . . . .. _ ". ' --" --t n - , i - - -

p.



FILE USNC142 APPENDIX A PAGE 11 ISSUED: 11-3-86

United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142
10-7-86 and 10-8-86

Temoer.ature Deqrees F

SAMPLE iS IN 23 2N
CHAN(NOS.) 10 10 10 10

TIME
0:10 147.3 159.1 120.6 131.2
5:10 626.2 636.0 604.3 641.6
10:10 10 22. .i 11 . .9 1047.3 1142. 3
15:10 1117.8 1250.1 1133.5 1251.3-,
20:10 1169.0 1313.8 111.) 1303.2
25:10 1200.0 1342.9 1213.5 1360.
30:10 1249.3 1399.9 1270.1 1399.3
35:10 1253.2 1406.1 1322.3 1450.0
40:10 1270.4 1413.8 1344.1 1475.3
45:10 1298.0 1441.2 1373.3 1493.t
50:10 1336.0 1458.7 139j.9 1521 .2
55 :10 1355.4 1520.7 122.9 1543.)
60:10 1398.8 1554.6 L452.U 1581.3

EXPOSED SURFACE TEMPERATURES - DOOR

B-54
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142

10-7-86 and 10-8-86

TeMper.ature Eerees F

SAMPLE is IN 2S 2N
CHAN(NOS. )II 11 11 11

TIME
0:10 74.8 75.0 77.3 79.8
5:10 80.3 81.6 80.4 83.3
10:10 117.8 124.1 110.0 129.]
15:10 311.6 265.0 330.7 280.3
20:10 446.2 391.2 433.1 488.:',
25:10 561.6 496.3 511.1. 616.2
30:10 623.0 551.7 ,01.1 683.3
35:10 657.5 603.3 665.0 720.9
40:10 680.2 620.4 702.5 7,.1
45:10 700.4 632.9 731.4 7 93. I

50: 10 7::7 3 656.4 753.2 ,925 .3
55:10 750.2 62.2 770.) 863.2
60:10 784.0 7.3.7 792.0.

UNEXPOSED SURFACE TEMPERATURES - DOOR

B-55
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United States 7oast Guard
Bulkhead Door Tests
86NK24389 /USNC142
10-7-86 and 10-8-86

Temperature Degrees F

SAMPLE is IN 2S 2N
CHAN(NOS.) 12 12 12 12

TIME
0:10 142.4 152.6 107.4 126."
5:10 613.7 733.7 581.2 642.0
10:10 1080.2 1122.0 1095.2 1144.7
15:10 1196.8 1253.0 1178.3 1265.2

1254.4 131-. 217.0 _321..5
25 : 10 1308.9 1346.0 1271.4 1373.1
30:10 1340.7 1397.5 1313.5 1415. 4
35:10 1348.8 1403.0 1371.1 1464.5
40:10 1365.1 1413.7 1288.3 1491.9,,
45:10 1394.2 1439.3 117.7 1512.2
50:10 1423.9 1459.6 1436.3 153.2
55:10 1437.5 1517.1 1463.4 1553.1
60:10 1.488.9 1545.3 1498.9 L 59....,

EXPOSED SURFACE TEMPERATURES - DOOR

B-56



FILE USNC142 APPENDIX A PAGE 14 ISSUED: 11-3-86

United Stages Coast Guard
Bulkhead Door Tests
86NK24389/USNC142

10-7-86 and 10-8-86

Temperature Degrees F

SAMPLE iS IN 2S 2N
CHAN(NOS.) 13 13 13 12

TIME
0:10 73.7 74.5 76.4 78.5
5:10 76.8 78.6 78.1 80.2
10:10 92.3 104.7 101.1 101.5
15:10 225.2 208.4 198.4 187.9
20:10 133.2 Z122.2 314.0 294.7
25:10 410.5 418.0 425.7 383.6
30:10 479.4 483.1 546.5 442.8
35:10 517.9 527.1 623.0 475.3
40:10 539.1 r 545.5 675.4 494.
45:10 552.1 554.3 704.: 506. 0
50:10 :5.6 565.3 725. 512.5
55:10 575. 573.9 76. 521.
60:10 584.7 588.9 773.9 520.5

UNEXPOSED SURFACE TEMPERATURES - DOOR

B-57

5~~ ~~~~~~~ ~~~~ .r..S ~ 5~-- --- -- -. ~' - - - - -



FILE USNC142 APPENDIX A PAGE 15 ISSUED: 11-3-86

United States Coast Guard
Bulkhead Door Tests
86NK24389/USNCl42
10-7-86 and 10-8-86

Temperature Deqrees V

SAMPLE iS IN 2S 2N
CHAN(NOS.) 14 14 14 1-

TIME
0:10 140.4 145.7 ]07.2 128.1
5:10 594.1 664.6 592.5 651.7
10:10 1117.1 1.131.7 1103.8 1157.,
15:10 1251.4 1281.4 1194.1 1288.3
20:10 1331.4 1347.2 1265.0 1355.0
25:10 1400.3 1392.8 1320.4 1411.9
30:10 1433.3 1444.4 1371.0 1442.9
35:10 1448.1 1453.9 1426.7 1493.4
40:10 1468.2 1468.7 1439.2 1517.9
45:10 1500.1 1499.9 1461.7 1539.0
50:10 1530.3 1520.2 1484.0 1559.6
55:10 1530.6 1571.3 1510.3 1588.7
60:10 1592.6 1599.0 1546.5 1624.4

EXPOSED SURFACE TEMPERATURES - DOOR

B-58
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142

10-7-86 and 10-8-86

Temperature Degrees E

SAMPLE iS IN 2S 2N
CHAN(NOS.) 15 15 15 15

TIME
0:10 0.0 0.0 0.0 72.4
5:10 0.0 0.0 0.0 73.5
10:10 0.0 0.0 0.0 80.4
15:10 0.0 0.0 0.0 97.2
20:10 0.0 0.0 0.0 116.8
25:10 0.0 0.0 0.0 136.1

30:10 0.0 0.0 0.0 155.4
35:10 0.0 0.0 0.0 182.9
40:10 0.0 0.0 0.0 208.3
45:10 0.0 0.0 0.0 229.5
50:10 0.0 0.0 0.0 246.8
55:10 0.0 0.0 0.0 260.7
60:10 0.0 0.0 0.0 271.5

UNEXPOSED SURFACE TEMPERATURES - BULKHEAD PANEL

Note: on the following pages data for

several channels per door is not
available due to an instrumentation

problem.
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FILE USNC142 APPENDIX A PAGE 17 ISSUED: 11-3-86

United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142

10-7-86 and 10-8-86

Temper.ture Degrees £

SAMPLE iS IN 2S 2N
CHAN(NOS.) 16 16 16 16

TIME
0:10 0.0 0.0 0.0 72.1
5:10 0.0 0.0 0.0 72.8
10:10 0.0 0.0 0.0 77.9
15:10 0.0 0.0 0.0 92.2
20:10 0.0 0.0 0.0 112.6
25:10 0.0 0.0 0.0 138.2
30:10 0.0 0.0 0.0 164.6
35:10 0.0 0.0 0.0 196.8
40:10 0.0 0.0 0.0 224.3
45:10 0.0 0.0 0.0 247.5
50:10 0.0 0.0 0.0 265.7
55:10 0.0 0.0 0.0 279.8
60:10 0.0 0.0 0.0 290.2)

UNEXPOSED SURFACE TEMPERATURES - BULKHEAD PANEL

B-60
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNCl42

10-7-86 and 10-8-86

Temperature Eleqrees £

SAMPLE is IN 2S 2N
CHAN(NOS.) 17 17 17 17

TIME
0:10 0.0 0.0 0.0 71.5
5:10 0.0 0.0 0.0 71.9
10:10 0.0 0.0 0.0 75.0
15:10 0.0 0.0 0.0 85.3
20: 10 0.0 0.0 0.0 101.1
25:10 0.0 0.0 0.0 121.3
30:10 0.0 0.0 0.0 146.7
35:10 0.0 0.0 0.0 177.3
40:10 0.0 0.0 0.0 208.6
45:10 0.0 0.0 0.0 235.2
50 :1i0 0.0 0.0 0.0 257.4
55:10 0.0 0.0 0.0 274.3
G0 :1"0 0.0 0.0 0.0 185.0

UNEXPOSED SURFACE TEMPERATURES - BULKHEAD PANEL

B-61
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142

10-7-86 and 10-8-86

Temlpera3ture D.egrees F

SAMPLE is IN 2S 2N
CHAN(Nas. 18 18 18 18

TIME
0:10 0.0 226.8 0.0 199.3
5:10 0.0 919.3 0.0 886.0
10:10 0.0 1249.2 0.0 1227.9
15:10 0.0 1337.8 0.0 1308.7
20:10 0.0 :1349.5 0.0 1342.6
25:10 0.0 1381.3 0.0 1353.3
30:10 0.0 1422.9 0.0 1373.0
35:10 0.0 1405.0 0.0 1439.2
40:10 0.0 1415.3 0.0 1459.5
45:10 0.0 1444.8 0.0 1472.8
50:10 0.0 1.430.?7 0.0 1497.1
55:10 0.0 1524.4 0.0 1516.6
60:10 0.0 1546.7 .01539.7

FURNACE TEMPERATURES

B- 62 .
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNCl42
10-7-86 and 10-8-86

Temperature Deqrees C

SAMPLE is IN 2S 2N
CHAN(NOS.) 19 19 19 19

TIME
0:10 0.0 225.9 0.0 198.8
5:10 0.0 980.6 0.0 942.5
10:10 0.0 1312.2 0.0 1335.1
15:10 0.0 1375.7 0.0 1387.2
20:10 0.0 1400.7 0.0 1400.4
25:10 0.0 1438.9 0.0 1396.3
30:10 0.0 1484.7 0.0 1407.8
35:10 0.0 1452.5 0.0 1497.7
40:10 0.0 1469.9 0.0 1509.9
45:10 0.0 1495.2 0.0 1517.9
50:10 0.0 1494.8 0.0 1538.0
55:10 0.0 1575.7 0.0 1553.'9
60:10 0.0 ]604.2 0.0 1.579.4

FURNACE TEMPERATURES

B-63
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FILE USNC142 APPENDIX A PAGE 21 ISSUED: 11-3-86

United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142
10-7-86 and 10-8-86

'renperature ELegrees I'

SAMPLE IS IN 2S N
CHAN(NOS.) 20 20 20 20

TIME
0:10 0.0 214.8 0.0 185.7
5:10 0.0 925.2 0.0 882.0
10:10 0.0 1250.3 0.0 1260.0
15:10 0.0 1306.0 0.0 1312.3
20:10 0.(0 1330.1 0.0 1344.0
25:10 0.0 1369.9 0.0 1337.4
30:10 0.0 1425.4 0.0 1353.3
35:10 0.0 1398.1 0.0 1435.1
40:10 0.0 1415.5 0.0 1452. *5
45:10 0.0 1441.3 0.0 1464.8
50:10 0.0 1448.0 0.0 1488.2
55:10 0.0 1523.9 0.0 1506.1
60:10 0.0 1556.4 0.0 1531. 

FURNACE TEMPERATURES

B-64
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142

10-7-86 and 10-8-86

Temperature lie3qrees C

SAMPLE I IN 2S 2N
CHAN(NOS.) 21 21 12.

TIME
0:10 0.0 219.5 0,0 168.5
5:10 0.0 902.4 0.0 872.9
10:10 0.0 1327.3 0.0 1259.4
15:10 0.0 1364.1 0.0 1314.1
20:10 0.0 1413.6 0.0 1287.,
25:10 0.0 1463.2 0.0 1417.5
30:10 0.0 1514.5 0.0 1408.1
35:10 0.0 1491.3 0.0 1514.1
40:10 0.0 1507.0 0.0 1529.4
45:10 0.0 1530.2 0.0 1546.3
50:10 0.0 1553.3 0.0 1544.j
55:10 0.0 1595.0 0.0 1554.8
60:10 0.0 1628.8 0.0 1593.0

FURNACE TEMPERATURES

B-65

7 -_o



FILE USNC142 APPENDIX A PAGE 23 ISSUED: 11-3-86

United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142

10-7-86 and 10-8-86

Temperature Elegrees F

SAMPLE is iN 2S 2N
CHAN(NOS.) 22 22 2 2.

TIME
0:10 0.0 220.6 0.0 174.3
5:10 0.0 1063.1 0.0 100G.1
10:10 0.0 1441.3 0.0 1402.6
15:10 0.0 1448.5 0.0 1416.8
20:10 0.0 1498.8 0.0 1471.3
25:10 0.0 1543.6 0.0 1467.3
30:10 0.0 1599.4 0.0 1449.7
35:10 0.0 1555.G 0.0 1568.2
40:10 0.0 1578.2 0.0 1573.(
45:10 0.0 1597.1 0.0 1587.4
50:10 0.0 1616.G 0.0 1580.4
55:10 0.0 1G52.0 0.0 1583.2
60:10 0.0 1695.3 0.0 [6I2. )

FURNACE TEMPERATURES

B-66
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142

10-7-86 and 10-8-86

Ternoer.,ture Degrees f

SAMPLE 1S IN 23 2t
CHAN(NOS.) 23 23 23 2;3

TIME
0:10 0.0 191.G 0.0 140.0
5:10 0.0 1130.6 0.0 10l1.tu
10:10 0.0 1413.9 0.0 1384.2
15:10 0.0 1408.9 0.0 1402.3
20:10 0.0 .467.0 0.0 1437.3
25:10 0.0 1510.7 0.0 1418.7
30:10 0.0 1577.2 0.0 1419 . ]
35:10 0.0 1531.6 0.0 1525.0
40:10 0.0 1563.4 0.0 1534.'
45:10 0.0 1584.9 0.0 1549.8
50:10 0.0 1599.7 0.0 1549.0
55:10 0.0 1632.5 0.0 15GO. J1
60:10 0.0 1680.4 0.0 I591.1-)

FURNACE TEMPERATURES

2-67
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United States Coast Guard
Bulkhead Door Tests
86NK24389 /USNCl42

10-7-86 and 10-8-86

Temper.ature Deqrees I'

SAMPLE iS IN 7S -'S
CHAN(NOS.) 24 '24 24 24

TIME
0:10 0.0 212.1 0.0 175.1
5:10 0.0 829.3 0.0 827.4

10:10 0.0 1302.0 0.0 1240.'
15:10 0.0 1376.. 131'.
20:10 0.0 1450.6 0.0 143-.1
21:10 0.0 1503. -. 0 149( .,
30:10 0.0 1551.,' ,..0 147:3.0
35:10 0.0 1530.7 .0 1555.J
40:10 0.0 15 b7., 0.0 573.3
45:10 0.0 1586.ti 0.0 1584.4
50:10 0.0 tU611.u *).0 158.
55:1- 0.0 1634.0 O.0 159-.1
60:10 0.0 I, 3.J ' '.' 1 ....

FURNACE TEMPERATURES

-S



FILE USNC142 APPENDIX A PAGE 26 ISSUED: 11-3-86

United States Coast Guard
Bulkhead Door Tests
86NK24389/USNCI42

10-7-86 and 10-8-86

Tenier 3tJre beqrpes V

SAMf'LE 5) IN 25 -N
CHAN(NOG.) 5 2 5

TIME
0:10 0.0 11. 6 0.0 10-.(0
5:10 0.0 1005.0 0.0 1005.
I0:10 0.0 1437.2 0.0 137).'7
15: 10 0.0 1481.; .0 143).J

,.t5 2. ,.u 153'?. 4
25:0. 1601.v ,).0 1558.2O'.30: 10 0.0 1643.u 1. J521 .,
35:I0 0.0 1621 .3 ,) J.O 1603.9
40:10 0.0 1644.0 0.0O]6 -.

45:1U 0.0 166b.6 ,.0 163 .250:i0 0.0 1685. i 0.016 .

55:10 0.0 1707.0 ,0.O 163 2. 6

60:i0 0.0 1746.-' 0.U I64,. .

FURNACE TEMPERATURES

L-6 9
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United States Coast Guard
Bulkhead Door Tests
86NK24389 /USNC142
10-7-86 and 10-8-86

Temperature Degrees 17

SAMPLE is IN 2S ZN
CHAN(NOS.) 26 26 26 26

TIME
0:10 0.0 172.3 0.0 134.2
5:10 0.0 1154.1 0.0 86J."
10:10 0.0 1422.1 0.0 1363.s
15:10 0.0 1458.7 0.0 1427.o
20:10 0.0 1529.3 0.0 1500.0

25:10 0.0 1561.6 0.0 148W,.
30:10 0.0 1624.3 0.0 1486.-I
35:10 0.0 1597.7 0.0 1563.3
40:10 0.0 1635.9 0.0 1593.5
45:10 0.0 1656.0 0.0 1602.u
50:10 0.0 J675.4 0.0 1594.4
55:10 0.0 1702.5 0.0 1606.-
60:10 0.0 1744.2 .633.3

FURNACE TEMPERATURES

B-7-C
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC142
10-7-86 and 10-8-86

Millimeters of Mercury

SAMPLE iS IN 2S 2N
CHAN(NOS.) P2* P2* P2* P2*

TIME
0:10 0.0000 0.0512 0.0000 0.0236
5:10 0.0000 0.0762 0.0000 0.0692

10:10 0.0000 0.0937 0.0000 0.0915
15:10 0.0000 0.1188 0.0000 0.1014
20:10 0.0000 0.0988 0.0000 0.1023
25:10 0.0000 0.0763 0.0000 0.1131
30:10 0.0000 0.0882 0.0000 0.1038
35:10 0.0000 0.0908 0.0000 0.0866
40:10 0.0000 0.0901 0.0000 0.0895

*1 45:10 0.0000 0.0893 0.0020 0.0967
50:10 0.0000 0.0886 0.0000 0.0945
55:10 0.0000 0.0865 0.0000 0.0965
60:10 0.0000 0.0936 0.0000 0.1015

FURNACE PRESSURE

r3-71
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United States Coast Guard
Bulkhead Door Tests
86NK24389 /USNC142
10-7-86 and 10-8-86

Millimeters of Mercury

SAMPLE is 1N 2S 2
CHAN(NOS.) P1* P1* p1* pj*

TIME
0:10 0.0000 -0.0046 0.0000 -0.0046
:10 0.0000 -0.0317 0.0000 -0.0277

10:10 o.000o -0.0059 0.0000 -0.0132
15:10 0.0000 0.0019 0.0000 -0.0152
20:10 0.0000 -0.0110 0.0000 0.0119
25:10 0.0000 -0.0305 0.0000 0.0222
30:10 0.0000 -0.0140 0.0000 0.0063
35:10 0.0000 -0.0028 0.0000 -0.0060
40:10 o.oooo -0.0009 0.0000 -0.0054
45:10 0.0000 0.0020 0.0020 0.003G
50:10 0.0000 -0.0084 0.0000 -0.0017
55:10 0.0000 -0.0013 0.0000 -0.0023
60:10 0.0000 0.0046 0.0000 0.0137

FURNACE PRESSURE

B- 72
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United States Coast Guard
Bulkhead Door Tests
86NK24389 /USNC142
10-7-86 and 10-8-86

BTU/sq ft

SAMPLE iSiN2 'IN

CHAN(NOS.) R1 R1 R1 RI
TIME
0:10 0.0000 0.1254 0.0000 -0-1484
5:10 0.0000 0.9131 0.0000 2.3235
10:10 0.0000 2.0401 0.0000 4.3057
15:10 0.0000 2.3700 0.0000 4.797G
20:10 0.0000 3.1852 0.0000 5.8894
25:10 0.0000 3.7272 0.0000 G.4830
30:10 0.0000 4.2993 0.0000 6.2137
35:10 0.0000 4.3380 0.0000 6.9048
40:10 0.0000 4.3491 0.0000 7.2313
45:10 0.0000 4.6352 0.0000 7.7083
50:10 0.0000 4.8886 0.0000 7.4539
55:10 0.0000 5.0449 0.0000 7.6892-
60:10 0.0000 5.3885 0.0000 8.1599

FLUX MEASUREMENTS

B-73
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United States Coast Guard
Bulkhead Door Tests
86NK24389/USNCI42

10-7-86 and 10-8-86

BTU/sq ft

SAMPLE iS IN 2N 21
CHAN(NOS.) R2 R2 X,2 R2

TIME
0:10 0.0000 0.0272 0.0000 0.0077
5:10 0.0000 0.3950 0.0000 0.1529
10:10 0.0000 2.9702 0.0000 0.7791
15:10 0.0000 3.8895 0.0000 1.- 368
20:10 0.0000 4.8822 0.0000 1.k09}3
25:10 0.0000 5.4319 0.0000 1 .733
30:10 0.0000 6.7340 0.0000 1 .6911
35:10 0.0000 6.5166 0.0000 2. 1-49
40:10 0.0000 6.6671 0.0000 2.1327
45:10 0.0000 6.6525 0.0000 ' Th32
50:10 0.0000 7.1269 0.0000 1
55:10 0.0000 7.4947 0.0000 1.":0'
Ca0:10 0.0000 7.0459 0.0000 .J

FLUX MEASUREMENTS

B-74

... .. _ _-______________ .... . .w.,..h.mItdhIiI buIIbim ii.a ... piIim...



J'F 'I~~ ' KI F wxJ ~J9M1 N'! ww_ MwX.' 1L-X flAM Uvr~4. K.5hjvw T-

FILE USNC142 APPENDIX A PAGE 32 *ISSUED: 11- 3-86
CORRECTED: 1-29-87

United States Coast Guard
Bulkhead Door Tests
86NK24389/USNC.142

10-7-86 and 10-8-86

BTU/sq ft

SAMPLE is 1N 2S 2N
CHAN(NOS.) R3 R3 R3 R3

T IME
0:10 0.0000 0.1548 0.0000 0.6563
5:10 0.0000 1.8338 0.0000 2.2802
10:10 0.0000 3.6019 0.0000 3.9187
15:10 0.0000 4.0513 0.0000 4.821G
20:10 0.0000 4.6958 0.0000 5.3295
25:10 0.0000 4.9354 0.0000 5.2229
30:10 0.0000 5.7367 0.0000 6.2993
35:10 0.0000 5.5332 0.0000 7.5762
40:10 0.0000 5.8215 0.0000 7.0245

*45:10 0.0000 6.2222 0.0000 7.5156
50:10 0.0000 6.4596 0.0000 7.747G
55:10 0.0000 6.7776 0.0000 8.5376
60:10 0.0000 7.1168 0.0000 8.7090

FLUX MEASUREMENTS
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APPENDIX B

GENERAL:

This appendix contains the correlated door assemblies
deflection and movement data obtained during the fire tests
conducted on October 7 and 8, 1986.

DEFLECTION AND MOVEMENT MEASUREMENT LOCATIONS:

The deflection and movement reading locations on the
assembly are shown on ILL 17.

Page 2 of this appendix gives the initial positions of the
doors. The remaining pages show their positions at different
times throughout the tests.

B-76
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Measurement Measurement At 0 min. (in.)
Location (ILL. 17) Door 1S Door 1N Door 2S Door 2N

Ml 1/8 1/8 1/8 1/8
M2 1/8 1/8 1/8 1/8
M3 1/8 1/8 3/16 1/8
M4 1/8 1/8 3/16 1/8
M5 1/8 1/8 1/8 3/16
M6 1/8 1/8 1L/16 1/8
M7 1/8 1/8 1/16 1/8
D1 8-1/8 7-9/16 7-9/16 7-7/8
D2 7-1/4 7-7/16 6 7-7/8
D3 8 7-1/2 7-13/16 8

B-79
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Measurement Measurement At 20 min. (in.)
Location (ILL. 17) Door IS Door iN Door 2S Door 2N

M1 0 0 1/16 1/16
M2 1/16 1/16
M3 - - 1/16 1/2
M4 1-1/8 +1 1/16 1
M5 1/4 1/2 1/16 5/16
M6 1/2 3/8 1/16 5/16
M7 1/2 5/16 1/16 7/16
D1 8-3/16 8-9/16 7-3/4 8-1/8
D2 8-1/2 8 6-1/2 8-5/16
D3 8-1/16 7-7/8 7-7/8 8-1/16

Note: + - Measurement is between M3 and M4, near latch.

B-80
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Measurement Measurement At 40 min. (in.)
Location (ILL. 17) Door IS Door IN Door 2S Door 2N

Mi 0 0 0 0
M2 0 0
M3 +- +- 1/16 5/8
M4 1-5/16 1-1/4 1/8 1-1/4
M5 1/4 7/16 0 5/16
M6 1/2 1/2 3/16 5/16
M7 1/2 1/2 1/16 7/16
D1 8-1/8 8 8-1/8 8-1/4
D2 8-7/8 8-1/4 6-3/9 8-5/8
D3 8-1/8 8 7-7/8 8-1/8

Note: + - Measurement is between M3 and M4, near latch.

B

I

I

U
U

U
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Measurement Measurement At 55 min. (in.)
Location (ILL. 17) Door iS Door IN Door 2S Door 2N

Ml 0 0 0 0
M2 0 0
M3 + - + - 1/16 11/16
M4 1-5/16 1-1/4 1/8 1-1/4
M5 1/4 1/16 0 5/16
M6 1/2 1/2 1/4 5/16
M7 1/2 1/2 1/16 7/16
D1 8-1/8 8 6-5/8 8-1/4
D2 8-7/8 8-1/4 7-7/8 8-5/8
D3 8-1/8 8 ;1/4 ;i/8

1-5/16 1/2

Notes: + - Measurement is between M3 and M4, near latch.
++ - At bottom latch corner (bottom corner of hose port)

B-82
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Measurement Measurement After Hose Stream

Location (ILL. 17) Door IS Door iN Door 2S Dccr 2N

M1 3/16 3/16 1/8 1/16

M2 0 0 3/16 0
M3 1-1/8 1 1/4 1-1/4
M4 1-1/4 1/2 1/4 1-3/16
M5 5/16 1/4 1/4 3/4
M6 1/8 1/4 1/8 1/4
M7 1/8 1/4 1/8 3/8
Dl 7-3/4 7-3/4 7-3/4 '-3/4
D2 6-1/2 6-1/4 6 7-1/2
D3 7-1/2 7-5/16 ;3/4 +

.. 1-13/16 1-1/2

Note: ++ - At bottom latch corner (bottom corner of hose port)
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APPENDIX C

GENERAL:

This appendix contains the temperature, heat flux and
pressure data obtained during the fire test conducted on
October 7, 1986.

THERMOCOUPLE LOCATIONS:

The thermocouple locations on the unexposed face cf the
assembly are shown on ILL. 2, and correspond to the channel
numbers shown on the following data charts. The thermocouple
locations on the exposed face relative to those on the unexposed
face were: 1 opposite 6, 2 opposite 7, 3 opposite 8, 11

*, opposite 20, 12 opposite 21, and 13 opposite 22.

The location of the special furnace thermocouple grid is
shown on ILL. 15.

OTHER INSTRUMENTATION:

The location of the pressure taps, radiometers, and
calorimeter are shown on ILL. 10. The pressure readings,
Channels 34 and 35, are reported in 0.1 mm of mercury. The
radiometer/calorimeter readings, Channels 37, 39, 40 were
converted from millivolts using the constants shown on ILL. 1-.

GAS CONSUMPTION:

During the test 6000 ft3 of gas at 1015 BTU/ft 3 were

consumed.

AIR FLOW:

Periodically, during the test the amount of air flowing into
the furnace was measured. The measurements only take into
account the air inlet opening built into the furnace and not
openings around the door assemblies or other possible leakage
areas in the test assemblies. The flows are tLe average velocity
and do not account for flow variations across the various shapes.
The following measurements were taken:

I: Z0
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Velocity (ft/min)
(Opening: 8 irregular

Velocity (ft/min) shapes, each approximately
Time (min) (Opening: 16 in.2 ) 13.8 in. 2 )

5 15 17
15 24 28
30 25 29
45 15 1
55 20 23

W
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CORRECTED: 1-29-37

DATA POINT CORRELTIONS:

THE DATA SHOWN ON THE FOLLOWING PAGES IS FOR THE FOLLOWING LOCATIONS:

CHAN (NOS.) CHAN (1\OS.) CHAN (110S.)
FOR FOR FOR

LOCATION (ILLS 15 AND 17) SOUTH DOOR NORTH DOOR FU RNtCE

Ti - UNEXPOSED. HOSE FORT. BOTTOM 17 --
T2 - UNEXPOSED. HOSE PORT. JAMB 15 --

T3 - UNEXFOSED. HOSE FORT. TOP 16 --
T4 - UNEXPOSED. HOSE FORT. HINGE -- 18 --
T5 - UNEXPOSED. DOOR FRAME. BOTTOM 9 " --

T6 - UNEXPOSED. DOOR FRAME. LAiTCH 4 14 --

T7 - UNEXPOSED. DOOR FRAME. TOP 5 19 --
T8 - UNEXPOSED. DOOR FRAME. HINGE 1) 24 --

T - UNEXPOSED. DOOR. TOP 6 2) * --

T1O - EXPOSED. DOOR. TOF 1 11 --
Til - UNEXPOSED. DOOR. MIDDLE 7 21 * --
T12 - EXPOSED. DOOR. MIDDLE 12 --

Ti37 - UrlEXFOSED. DOOR. BOTTOM 8 22 * --

T14 - EXPOSED. DOOR. BOTTOM iT. --
TI5 - UNEXPOSED. BULI.HEAD. TOE .....
T16 - UNEXPOSED. BULA HEAD. MIDDLE ......
T17 - UNEXPOSED. BULI:HEAD. BOTTOM ......
F1 - PRESSURE. TOP OF HOSE FORT .... 5
P2 - PRESSURE. TOP OF DOOR .... 74
R1 - FLUX. BOTTOM OF DOOR .... 40
R2 - FLUX. MIDDLE OF DOOR .... 79
R7- FLUX. 'TOF OF DOOR ... 
T5 - SPECIAL FURNACE GRID. TOP FRONT ... 2
T54 - SPECIAL FURNACE GRID. TOP MIDDLE .... 26
T55 - SPECIAL FURNACE GRID. TOP E:ACK ... 27
T56 - SPECIAL FURNACE GRID. MIDDLE FRFONT .... 2,8
T57 - SPECIAL FURNACE GRID. MIDDLE MIDDLE ... 2
T58 - SPECIAL FURNACE GRID. MIDDLE BAC[ ... ,
T59 - SPECIAL FURNACE GRID. BoTrOM FONT ... .Ni
T60 - SPECIAL FURNACE GFRID. BOTTOM MID DLE ...
T61 - SFECIAL FURNACE GRID. BOTTOM E'ACi:. ... --

HJG: DF

| ?-
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNCl42

10-7-86

Temperature Eeqrees r

CHAN(NOS.) 2
T IME
0:10 147.3 142.4 140.4 70.7
5:10 626.2 613.7 594.1 286.4
10:10 1022.1 1080.2 1117.1 726.5
15:10 1117.8 1196.2 1251.4 964.
20:10 1169.0 1254.4 1331.4 1032..,
25:10 1200.0 130E.9 1400.3 1047.0)
30:10 1249.3 1340.7 1433.3 10S,).,
35:10 1253.2 1348. 1448.1 1084.0
40:10 1270.4 1365.1 1468.2 ii12.u
45:10 1298.0 1394.2 1500.1 1142.2
50:10 1336.0 1423.9 1530.3 115'.5
55:10 1355.4 1437.5 1530.6 1160.-
60:10 1398.8 148C.9 I.92.6 1182.3

8-88- .- 4
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNC142

10-7-86

Temoer.ture ueqrees

CHAN(NOS.) 5
TIME

0:10 72.8 74.4 74.8

5:10 178.8 79.7 80.3 76.3

10:10 280.9 110.3 i17. "

15:10 370.5 201.C 311.6

20:10 438.0 291.1 43- .2 ...

25:10 451.4 3""- 1 .C,

00:10 470.6 .1 2'J ..
'  

71 -

35 : 1C 499 .4 6. 667.5 51
40:10 511.3 42. ,)0.2 5 3"

45:10 532. 00.4 55

. 0 . 1•
55:10 560.1
60:10 -686 :4 .0

B9

7.

"r

',

7.
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNCI42

10-7-86

Temper 3ture Deqrees i

CHAN(NOS.) 10 11 12
TIME
0:10 68.0 68.7 159.1 152.0
5:10 74.7 119.7 636.OA 733.7
10:10 116.7 232.9 1112.9 1122 .0
15:10 189.0 362.5 12;0.1 1253.0
20:10 245.9 536.6 1313.8 1312..
25:10 292.2 602.6 1342.9 1346.u)
30:10 340.4 639.4 1399.'J 1397.5
31.5:10 371.9 666.0 1406.1 1403.0
40:10 401.7 673.1 1413.8 1413.7
45:10 413.1 689.1 1441.2 1439.3
50:10 435.2 731.5 1458.7 1459.L
55:10 457.3 732.5 1528.7 151 ,.I
60:10 470.6 756.5 1554.6 1545.3

A- Thermocouple malfunction, .3ppro'l.-i;te temperi-ture

B-9"0
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNCI42

10-7-86

Ten, oer-3ture Degrees F

CHAN(NOS.) 13 14 15
I IME
0:10 145.7 71.2 69.1
5:10 664.6 187.9 82.4 80.0
10:10 1131.7 428.5 237.IS 17"). .
15:10 1281.4 828.9 690.5 331.
20:10 1347.2 885.8 533 .U
2,:10 1392.8 871.G 46i.:.
30:10 1444.4 891.9 540.4 45
3 :10 1453.9 860.1 531.6 46-.
, 0: 10 1468.7 887.4 6,35.0 492.'

45:10 1499.9 889.7 71 .5 50 ,
0 10 .S -, 9 10.1 7 9.I [ 85.

•7.7: 1571.3 933.8 ,1.6 810.
(Y0 :10 U .0 971 .1 '8.

B-9"1
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNCl42

10-7-86

Temperature Elegrees 17

CHAN(NOS.) 17 18 19 20
TIME
0:10 69.5 71.7 75.2 78.2
5:10 84.8 86.0 193.4 88.9
10:10 187.2 139.2 293.0 142.)
15:10 308.0 223.4 423.0 32I.-1
20:10 411 .8 281.0 449.5 41 9.7
25:10 50.5 321 .3 466.9 451.
30:10 383.1 360.4 487.6 51t.
35:10 445.9 382.3 514.9 537.
40:10 445.9 416.1 513.4 557.7
45:10 467.6 427.5 530.0 560.6
50:10 590.4 496.1 512.9 577 5

55:10 504.4 458.8 495.9 58.5
60:10 506.0 472.9 521.2 611.

B-92
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNC142

10-7-86

i'teioerature Deqr ees

'HAN(NOS.) 21 -3
TIME
0:10 75.0 74.5 68.6
5:10 81.6 78.6 72.3 153.1
10:10 124. 1 104.7 116.9
15:10 265.0 208.4 195.7 2 I
20:10 391. -2 2 293.1
25:10 496.8 418 .1 401.0 743.8
30. 10 551.7 .483.1 478.6 79-..
35:10 603.3 7.1 54.3 83
40:10 620.4 545.5 558.1 351.1
45:10 4.3 87.4 .63.

50:10 ,56.4 56.L3 f1i .u 901.
55:10 6822 573 9-0.
.,0.70 "(23., a

B - 93
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNC142

10-7-86

feniner.-ture Degrees F

CHAN(NOS.) 2i 26 27 28
TIME
0:10 226.8 225.9 .14.8 21 - .,
5:10 919.3 980.6 925.2 902.4
10:10 1249 . 2 1312.2 1250.3 1327.3
15:10 1337.8 1375.7 1306.0 1364.1
20:10 1349.5 1400.7 1330.1 1413.:
25:10 1381.3 1438.9 1369.' 1463..2
30:10 1.422.9 1484.7 1425.4 1514.2
35:10 1405.0 14b2.5 1398.1 1491.3
40:10 1415.3 1469.9 1415.5 1507.-1
45:10 1444.8 1495.2' 1441.3 1530. "-

50:10 1438.7 1494.' 1448.0 1553.3
55: 10 1524.4 1575.7 1523.9 1595."
60:10 1546.7 1604.2 1556.4 1623.

B-94
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNC142

10-7-86

(-riier iture iecr-,eE C

CIIAN(NOS.) 29 30 1-'
TIME
0:10 220.6 191.6 -17 1
5:10 1063.1 1130.6 829.3 1005.0 1154.1
10:10 1441.3 1413.9 1302.0 1437.2 1422.1
15:10 1448.5 1408.9 1376.5 1481.6 1458.7
20:10 1498.8 1467.8 i450.6 '552. 1529..,
25:I0 1543.6 1510.7 1503.2 601.3 1561.
30:10 1599.4 1577.2 551 .7 L643.t 1624.,j
35:10 155.6 1531.6 1538.7 [621. 157.7

40:10 1578.2 1563.4 1 557.3 1644.-. 1635.0)
4 i:I0 1597.1 1584.9 1586.6 1666.6 1656.,.
150:10 .1616.6 1599.7 1611.5 1685.1 i675.-'
55:0 1652 .0 163 2. 5 1634 .0 t 707 .9 170 .J:
60:I0 1695.1 1680.4 1673.D I746. 17 4 .

61

B-95
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNC142

10-7-86

Volts

CHAN(NOS.) 34 35
TIME

0:10 0.5117 -0.0464
5:10 0.7622 -0.3173
10:10 0.9369 -0.0591
15:10 1.1884 0.0188
20:10 0.9882 -0.1103
25:10 0.7626 -0.3049
30:10 0.8817 -0.1405

35:10 0.1)081 -0.0273
40:10 0.9007 -0.0094
45:10 0.8933 0.0200
50:10 0.8055 -0.0339
55:10 0.8646 -0.0132
60:10 0.9359 0).0464

S

B-9 6
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNC142

10-7-86

CHAN(NOS.,) 37 -. -40
TIME

0:10 0. 0730 0.0130 0 .1460O
5:10 0.8650 0.1890 1.0630
10:10 1.6990 1.4250 .,3750

15: 10 1.9110 1.8610 .7. 7590
20:10 2150 2. 3360 ..7 "E
2,.,:10 ... 3280 59903

30:10 .70 0 .-. 0
5 :10 2.6100 1180 5,000

40:10 2.7460 :3.1 ,00 560630
45:10 2.9350 3.1330 5. 1960
50:10 3.0470 3.4100 5.9]0
55:10 3.1970 3.5360 5.87.10

60 : I 3.3570 3.7540 1.2,':)
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APPENDIX D

GENERAL:

This appendix contains the temperature, heat flux and
pressure data obtained during the fire test conducted on
October 8, 1986.

THERMOCOUPLE LOCATIONS:

The thermocouple locations on the unexposed face of the
assembly are shown on ILL. 9, and correspond to the shown channel
numbers minus 24, on the following data charts. The
thermocouples on the exposed face were: 25 opposite 30,
26 opposite 31, 27 opposite 32, 39 opposite 44, 40 opposite 45,
and 41 opposite 46.

The location of the special furnace thermocouple grid is
shown on ILL. 15.

OTHER INSTRUMENTATION:

The location of the pressure taps, radiometers, and
calorimeter is shown on ILL. 10. The pressure readings,
Channels 44 and 45, are reported in 0.1 mm of mercury. The
radiometer/calorimeter readings, Channels 47, 49, 50 were
converted from millivolts using the constant shown on ILL. 17.

GAS CONSUMPTION:

During the test 6500 ft3 of gas at 1015 BTU/ft3 were
consumed.

AIR FLOW:

Periodically, during the test the amount of air flowing into
the furnace was measured. The measurements only takes into
account the air opening built into the furnace and not openings
around the door assemblies or possible leakage. The flows are
the average velocity and do not account for flow variations
across the various shapes.
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Velocity (ft/min)
(Opening: 8 irregular

Velocity (ft.min) shapes, each approximately
Time (min) (Opening: 16 in.2 ) 13.8 in. 2 )

5 14 16
15 22 26
30 26 30
45 20 23
55 18 21

B-10C
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DATA POINT CORRELATION:

THE DATA SHOWN ON THE FOLLOWING PAGES IS FOR THE FOLLOWING LOCATIONS:

CHAN (NOS.) CHAN (NOS.) CHAN (NOS.
FOR FOR FOR

LOCATION (ILLS 15 AND 17) _ SOUTH DOOR NRTH DOR_ FURNACE

TI - UNEXPOSED. HOSE PORT. BOTTOM 12 26 --

T2 - UNEXPOSED. HOSE PORT. JAMB 14 28 --

T3 - UNEXPOSED. HOSE PORT. TOP 11 25 --

T4 - UNEXPOSED. HOSE PORT. HINGE 10 24 --

T5 - UNEXPOSED. DOOR FRAME. BOTTOM 9 2Z --

T6 - UNEXPOSED. DOOR FRAME. LATCH 1Z 27 --

T7 - UNEXPOSED. DOOR FRAME. TOP 5 19 --

T6 - UNEXPOSED. DOOR FRAME. HINGE 4 18 --

T9 - UNEXPOSED. DOOR. TOP 6 20 --

TIO - EXPOSED. DOOR. TOP 1 i5 --

TIl - UNEXPOSED. DOOR. MIDDLE 7 21 --

T12 - EXPOSED. DOOR. MIDDLE 2 16
Ti: - UNEXPOSED. DOOR. BOTTOM 8 2

T14 - EXPOSED. DOOR. BOTTOM 1 17 --

T15 - UNEXPOSED. BULKHEAD. TOP :8 ....
T16 - UNEXPOSED. BULKHEAD. MIDDLE Z9 ....
T17 - UNEXPOSED. BULf:HEAD. BOTTOM 40 ....
P1 - PRESSURE. TOP OF HOSE FORT -- 45
P2 - PRESSURE. TOP OF DOOR -- 44
RI - FLUX. BOTTOM OF DOOR -- 5C
R2 - FLUX. MIDDLE OF DOOR -- 49
R3 - FLUX. TOP OF DOOR -4-7

T53 - SPECIAL FURNACE GRID. TOF' FRONT -- 29
T54 - SPECIAL FURNACE GRID. TOF' MIDDLE ... -

T55 - SPECIAL FURNACE GRID. TOP BACK .... :1
T56 - SPECIAL FURNACE GRID. MIDDLE FRONT .... 2
T57 - SPECIAL FURNACE GRID. MIDDLE MIDDLE .... -;

T58 - SPECIAL FURNACE GRID. MIDDLE BAC[: .... :4
T59 - SPECIAL FURNACE GRID. BOTTOM FRONT 7.. 5
T60 - SPECIAL FURNACE GRID. BOTTOM MIDDLE .... :6
T61 - SPECIAL FURNACE GRID. BOTTOM BACK ... -

B- 101
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNC142

10-8-86

Teniner-ture £eqrees .

CHAN(NOS. 1
T IME
0:12 120.6 107.4 [07. 7?.
5:12 604.3 581.2 599'5 . -

10:12 1047.3 1095.2 1103.8 I..
15:12 1133. 1173.3 1194.1 37.
20:12 115 1.' 1217.0 1265.8 44G .

11 1213.5 1271.4 L 320.4 s
.30:11 12-10. 1 1318.5 LT'1.y -

,13: . 1'D71.1 14 2f,
'0 11 L 44.1 i288.8 14"'. ':'.
115 : I1 373.5 1,117.7 k-'I .37 -34

50:11 93 .' 1436 .- 1 4 . k .
55: 1463.4 L510.:- 36.;

-3 1 .' 498 9 [54r., U

'.4
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNCl42

10-8-86

[emoerture Degrees C

* HAN(NOS. 5 6
TIME
0:12 76.8 85.3 77.3 76.4
5:12 108.3 153.6 80.4 78.1
10:12 284.6 217.6 110.0 L01-11
15:12' 377.0 304.t 3.30.7 1
2 0.0:12 436.8 J95.2 433.1 31 .
25:11 486.2 451.4 511.1 4 5 . ,-
-0: 522.4 495.9 60 .. I 54 .
35:11 570.9 542.1 G65.,) 
40:11 597.6 577.1 702.5 ,75.4

45:11 615.2 603.0 71-. 1 .4
* 0:11 628.5 622.6 753.2
55:11 636.9 638.6 770.£ 741,

60:11 644.6 655.3 7"2.0

B-10
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNC142

10-8-86

feniper fture f'eqree-,

CHAN(NOS. )10 I1
TIME

0 0:12 74.5 74.7 75 9
5:12 77.0 83.0 84.4 78.3
10:12 149.1 140.3 1/0.7 13C
15 :12 179.8 228 .7 2 c";

20:12 245. 317.3 5.30.
.2 5:11 311.5 412.0 40.;
30:11i 356. 473.8 . 4Jl.
as: L 601.4 535.5 570 1
J0:1I 672.4 551.9 5 .7-.
45 :11 704.7 573.9 63.5 597

0: .1 -25.5 568.5 ,
rIJ:11 74:3.6 578.6 ul7.: 31

J88.6 , O

1- 104
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNCl42

10-8-86

Tern erature LIeree-.

-HAN(NOS.) 13 14 ]1 i,
'r IME
0: 2 81.1 76.8 13112 126.8
5:12 182.0 78.5 641.6 642.8
10:12 167.2 209.8 1142.3 1144.7
15: 224.6 370.3 1251.5 1265.2
20: 12 277.3 489.0 1303. 2 1321.3
2. :1- 2 4 59: 2 1360.2 1328.
*0:11 311.3 660.5 1399.8 1415.4
35:11 330.t 718.3 14t'.v 1464.5i
40:11 340.2 734.6 1475.3 1491.0
43 : 11 350.9 72.9 1493.5 151 .2
50:11 356.1 733.1 1521. 153 3).
J5:i1 363.7 764.2 1545.. 1553.1
60: 11 368.7 733.3 1581.3 L[59..

B-105
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNC142

10-8-86

'Tere o er 3 t'Jr C * e '3r cec-,

CHAN(NOS.) 17 13 19
TIME
0:12 128.1 80.7 30. 
5,:12 651.7 198.2 369.1

10:1 2  1157.2 541.5 -65.3 133.1
15: 12 1288.3 783.7 5 8.3 247..

20:12 13155.0 929.4 5.,3, .,

I1 1411.9 1002 .8  7, 46.2
fl:] 1 144" . 101f:)1 0 91) '

5: 11 1493.4 1046.2 i17.. 3Q7.J
40:11 1517.9 1050.4 82 .2 '3Q.c
4 :11 1539.0 1037.7 341.3 343.3

5": 11 1559.6 1045.2 82 352.
5 5: 1I 1588.7 L 0 7. 512..

0 .1 1624.8 1071.7 3,4.5 ...

B-1b6
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNCl42

10-8-86

Teniperature 0egrees F

CIHAN(NOS.) 21 2 2.
TIME
0:12 79.8 78.5 76.3 76.3
5:12 83.8 80. 2 79.9 81.2

10:12 129.1 101.5 120.0 1211 . ,
1.5:12 280.8 187.9 186.6 188.6
20:12 488.8 294.7 251.9 250. 1
.. :.1 G I G . 1 383.6 .3 306.
30 :11 683.8 442.3 377.9 355.:.
35:11 7 0) 0 4'5 .8 403.8 39) .
40: 11 761.1 494.5 427.0 4 03.
45:11 793.4 506. 439.7 420.3
50: 11 825.8 513.5 446.3 427.4
5 11 86. 2 1. 455.0 442.3
60:11 900..5 (3 .5 486. 455.)

.- 107
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNCl42

10-8-86

Tenoer .tuJre Liqrees L

CIAN(NoS.) -5 26 27 23
TIME
0:12 77.6 76.5 z'6.2 . -

5:12 91.4 81.6 163.7 85.3
10:12 152. 120.5 465.? l5-.u
15 : 12 229.7 179.4 G59.3 246 3
20:12 568.1 221.3 833.4 33a.25:11 650.2 308.5 . *., 40.
0:1I 692.C3 34.6 09.0 .

35:11 708.6 407.3 wl.5 9.

40:11 725. 9 419.2 1 -j5 .L
45:11 742 . 4.. C. 52.
50:ii 7.3 7 C-.- 'l I 00 i33.s

55:11 -64 . 477 1021.4 525.7
- 60:11 73". 1 473.3 L047.6 5].,;

B- 1'0
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United States Coast Guard
Bulkhpad Door Test
86NK4'389/USNC142

10-8-86

Temperature Dieg-rees F

CHAN(NOS.) 29 30 31 32
TIME
0:12 199.3 198.8 185.7 168.5
5:12 886.0 942.5 882.0 872.'
10:12 1227.9 1335.1 1260.0 1259.4
15:12 1308.7 1387.2 1312.8 1314.1
20:12 1342.G 1400.4 1344.0 1387.7
25:11 135:.3 1396.3 1337.4 1417..
30:11 1373.0 1407.8 1353.3 1408.1.
35:11 1439.2 1497.7 1435.1 1514.1
40:11 1459.5 1509.9 1452.5 1529.4
45:11 1472.8 1517.9 1464.8 1546.:
50:11 149'7.1 1538.0 148i.2 L 4.,
5 5:11 1516. G 1553.9 15CG .I 1554.;
1O0:11 1539 . 1579.4 1531.7 *53':.31

B- 10 9
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNC142

10-8-86

eremner -ture Ler ee

CHAN(NOS.' 3 34 .j 3,)
TIME
0:12 174.3 140.0 175.1 187.0
5:12 1006.1 1011.6 829.4 1005.9
10:12 1402.6 1334.2 1240.7 1379.5
15:12 1416.8 1402.3 1315.13 1430.-
20:12 1471. 1437.3 L-37 I 153 S4
21:11 1467.8 1418.7 149. 1558.2
30:11 144'9.7 1419.3 14 7,3., 152i1.,,

35: 11 1568.2 1525.0 155 1603.9
40:11 1578.6 1534.7 1573-3 1624.6
45:11 1587.4 1549.8 1584.4 1632.2
30:11 1580.4 1549.0 [537.':) L622.u
55:11 1583.2 1560.8 57.1 1632.6
60:11 1617.9 1591.3 t10.. 1643.

B-I111
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNCI42

10-8-86

Temper ature Diegrees

CHAN(NOS.) 37 38 29 40
TIME
0:12 134.2 7 4 ,
5:12 863.2 73.5 72.8 71.9
10:12 1363.5 80.4 77.9 75.0
15:12 1427.6 97.2 92.2 85.3
20:12 1500.0 116.8 112.c 101.1.
25:11 1489.1 136.1 12.2 121.3
30:11 L486.4 155.4 164.6 146.7
35:11 1563.3 182.9 196.L 177.i
40:11 1593.5 208.3 -4 . 20.
45:11 1G02.0 229.5 247.5 235.
50:11 L594.4 246.8 265.7 257. 1

-'O'3 174255:11 1606.3 220.7 4.:. 28 .
60:11 5632.8 71.'8

IIIl
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNC142

10-8-86

Vol t s

CHAN(NOS.)' 44 45
TIME

0:12 0.2356 -0.0458
5:12 0.6923 -0.2773
10:12 0.9151 -0.132].
15:12 1.0138 -0. 1521
20:12 1.0'28 0.1187
25:11 1.1307 0.2222
30:11 1.0384 0. 063 ].
3',5:11 0.8664 -0.0603
-0:11 0.8952 -0.0537
45:11 0.9667 0.0362
50:11 0.9449 -0.0174
1) :11 0. 9645 -0.02 32
60:11 1.0147 0.1371

B- 11 2-
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United States Coast Guard
Bulkhead Door Test
86NK24389/USNCl42

10-8-86

Millivolts

CHAN(NOS.) 47 49 50
TIME

0:112 0.3140 0.0090 -0.0700
5:12 1.0910 0.1780 1.0960
10:12 1.8750 0.9070 2.0310
15:12 2.3070 1.4980 2.2630
20:122. 5500 1.8740 2.7780
25:1 2.4990 2.0760 3.0580
30:11 3.0140 1.9690 2.9310
3: 11 3. 6250 ,.4970 3 .2570
40:11 3.3610 2.5410 3.4110
45:11 3.5960 2.3960 3. 6360
50:11 3.7070 2.2420 3.5160
55:11 4.0850 2.2360 3.6270
60:11 4.170 2.320 3..3464.

B-113
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